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477(1 Maicorology iParllclu and A a roads) 

UAChiiHOUHU TROPOSPHERIC AEROSOLS. 

INCORPORATION Wlilllh A STATIST ICAL-DY NAMICAL 
CLIMATE MODEL 

U. L. Foliar (Al.notpharld ana (Jeophyiloal Solonce* Division, 
Lawrence Livermore National Laboratory, Livermore, 
California, IM5SQ), R. U. Ceis (Labaralory for Planetary 
AUn*pr,em lusaareh. Slate University ol New York, Stony 
brood, Sen Vow, HIM) 

To evaluate iha poalbla Inlluenca of natural erwiground 
tropospheric aerosols upon the aarlh'i prcaent ellmala, «< havo 
incciporalad aerosol radiation mortals (or continental and 
marlUiee aerosols Inlo the Lawrence Livermore National 
Laboratory itatblleahl/namioal climate model. The modal 
rendls 'iggMl that background Iroposphtrlo aarosoli produce 
3-4 i." glooel aiirfaoe cooling, with maximum coaling occurring 
at high latitudes, result! ahtoh are essentially conslslenl with 
an anargy-balance climate model study by Coakley al aL <J. 
Atmos. 8cl.. 4Q. I IB-118. 1933). ~ ' 

' To specinoally dolinaata effeoli oaiaed directly by tha 
aerosols, u opposed to Indlreot affaels refulling (ram aerosol 
induced ulJmaLa ehsnge, a second ellmaie partirtaiton wan 
conildarad jahf nh eomliltd or reduolng tha solar constant n as 
to give . ouoiiy tha same Initial reduction In 
uirfece-elniasphere solir ebaorptlos ai (or the inchulon of 
irof*a;p»*flc aerosols. These separate climate porlurballoia 
produced nearly Identical climate fsadoaok affcala, logeltar 
with similar cnangea In etmospherla aUbUtly and hydrological 
ciale. despite the fact that the two perturbations havo quits 
uilfcront lalUi^lpal and vertical diilrlbullana. This (lnar« la 
consilient with a general clrealaltoo' modal study by llanabs 
‘.nc Halheralif fJ. Aliao*. Sal.. 31, BHIB, 1980) concern l ng 
parlurndUona '.of Doth atmospherla CU Z and ihs solar 
eoruloni. A a (elated conclusion Is thsl the model’s ellmala 
ro5f*nso to tropoiphork aerosols Is Iraemlilve to lha manner In 
onleh" tha ’ aerosols ire vertically dltirlbuied. (Aarotols, 
clluni la 'model, tropospheric aerosols, climate modal sensitivity!. 
J. Gccphya. (tea.. D, Fopar 4DQ7BI 


<713 Circulation 

SUB DIED Til L CURB PIT OSCILLATIONS SI HE3TEBH Laid ISLAND 
SOUND 

D. & Ullnan and R. 2. HUaon (ItarlM Sol anno a Raataroh 
Canter, 31TIV at 3taay Brook, Stony Brook, ‘IV, 11794) 

The spatial structure oT auunarllal ourruol Tluatua- 
tlona In a aeollan iotodb waatarn Long Island Sound la 
InvaallyaUd using the net hod of anplrloaL orthoppn»l 
functions. Tha variability In lbs deeper areas or the 
aaollon la found to bo dominated .by a aat up responao 
to ua longitudinal wind. Tovar da tha southrn aids or 
the he sin. nuoh or tha variance aannoL ho explained by 
thta oaohani so. Spectral analysis lodloatoa that tha 
currents In thle area have lucre a tad short period var- 
lanoi, with period, hatuaen M> and 55 hours, and land 
to be highly polarised. 'A nodal of topographic Haves 
to an Inrinlla channel with a aynaatrlo exponential 
hottoa profile la shown to predict the polarisation and 
orass ohinnal atruotura of velocity fluctuations in 
this band. High rotary ooharonoa botwasn oountar- 
rotallng currant and wind oonpanante la this band, 
ubara tha groop velocity of tha wave Is nearly saro, 
sCRpsita Uw poaaibllltr of ■ resonant response to wind 
for slag. 


J. Geophya. Ras., C, Paper 4C0P67 
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4710 Chralcll 0cP4DB|iaphy 

FAirriRS INFLUENCING IHA DEGREE Of SATURATION OF THE 
SURFACE AND IKUMEOIATI VATERS OT THE NORTH PACK 1C 
WITS RESPECT TO ARAGON HE 

R- A. Fraly iPmllr Marine Envl rcu»nla I Laboratory, 
WMA. noo Sand Point Hay H.E. BIN CI1IM, fcjjulr, 
Vaihlagim. 9RII5I, R. H. Byrne, P. B. Belter, J. F. 
Cendrco. end J. 11. Aikrr 

Rru carbonate rhroltiry data obtained during |ba I9B2 
H"AA cruise Dave brrn rnablued with earlier GE45ECB and 
IhDpFAC date 10 del oral no ihe dvgrer ol aragonite 
saturation r.f the aurlare and InirrerJIate water a ol 
the Keith Pacllli. Large gredlents In lalutatlco state 
otwr to the region ol the Hubaniir Front, to tha 
ncith-roulh dlteilton and n roll the Subtropical Gyre 
in the Baat-teit dtraettuo. thria gradient! err pri- 
marily doe to Ibe eainalve olalng that occur, la the 
lull cardfile vatera of the vehlecs Borlh PjcIUe. lha 
•ajar vastaLloni noted lor the laturatlon aisle Ol 
l bail vaiere were pi lea clip rained the racbobau 
Ion raacntratlon which, in turn, Is primarily a 
function Of wiling aid biological JiroceiaVB. Tha 
ptmat aragonlts aatutal|«i depth at our narlhanoit 
station in Uta weiltra North f«lftc waa calculiiad 10 
be within 130 eciat i >1 the surfirs. Tfcia. result waa 
directly rerroboralsd by. yhianitiaas or arigOnlle 
AllltlilUa under Is- vltro eandltiimi. Our cilnla- 
tlona show that age feasible slim of (ciitl-faal- 


6 « B 


drrivsd CO, oo (be turface aceaa of lha North FactfK 
will. ha s lleadr.prsgnialop of cndaraaLUrat Ipc Ire* 
lha aoclhere Notlb Faelftc to tha aoutbeoi art niters 


im iBitaerH Bonn rieutc to the aoutbeoi and nateru 
ftttth Raeiftc. with ua fitit atga at oprt sr a a tamian 
poimibly ocewrrlag a* sgrly aa the tacopd biK of the 
nrat century. 


4720 Dletrlbutlona and Ha tar Haaaaa 
THE STRAIT FICAT KM AND HATES HASSES AT DBA7S PASSAGE 
Rellautb A. Sintra end North D. Devil n, Jr. {Dceanc- 
■raphy Daparnent. Tessa AAH Onlvaralcy, Collage 
StaUcn. Texas, 77443) 

The watara at Drake Passage ara known to be asperated 
horizontally Into 4 distinct aenea ol relatively ana LI 
laoszrophle shear by 3 Fronts la which the ehiar and 
aaauard flow ara large- Tha m northern (routs, Sub- 
aotarct Ic Front and Polar Front, which bound the Polar 
Frost a 1 Zooo leapt Ha eoat of tha transport of the 
Antarctic Clrcuepolir Cot rent. 

Farcical sections or eLnealy spaced (*■'50 ha) oeeiuo- 

5T*l5U “5 l !S« “ d ; “ Croe " nr * 1 “ Pa, ”B» *■> auamera 
oi wo ond 1976 produced qojliiy saaflutouQta of tupar- 
aiura, aallnltjr, arygan, alllcata, nitrate and pheaphata. 
■aaad OP tha bo data, a traditional dam rip t Ion of 
characteristic distributions la presented. Good aaapllng 

n 100 ‘V h * ■ 11<nUl “*1~ In hjdroatarlo 

et ability to ba mead laterally (approx loatalv along 
laopycnala) baiwten Individual acarlona. Eleven aerate 
ol bsxLbwi stability are ldentiilad. Host nrtlcaUy 
separate distinct vs tar maaiae. 

The “a »t pronouucad atabllity atratu- la aalocUCad 
with cha saoaonal pycnoollui north or the Polar Front 
it aaparatoa tha Subantarotlo Surface Harare Iron 
Subantarcc Ic Node Ha tor, To tha aoutb of tha Polar front 
tbo aaoaonal pycnoollna la round slightly above thB 
tanparaeuxa alnUw cha fact aria tic of tha Antarctic 
Guirste Waters In auatral aiqear, Thla atabllity at rate 

C\r h “ a 0r tha Bwbancarct le Hod. 

watar. Auotbar stability atratua extending acrcaa the 
■ntlra panaaga forma the uppar boundary Tor tha ClrciiB- 
P 1 " ®° uth ot «!■ Polar Front, this stratus 

««h ra *urfe=h Vat.r ( tu the 

^“ UrT 01 th * A"*«etle Intenaa- 
d late Water. Altboogh Sobantaictio Hods Ha tar and 
Antarctic Intateadlate Hater ara Separated by a atabllltv 
-trat- north of the Polar front, IC:. ?. S 
at loo baiwen Antarotlc lotenedlaca Watar gad the taapat- 
of lh * Aur arctic Surface Hater aouth of^he 
fronr. TMi auggaata that Strtanearcclc Ibda Watar a n d 
An .ratio rnt.ra.dl.te Karat dl.tluct, andthatfta 

“ “gr^rar^^t U "w“r , “ TtU” af thTp°J« Front, 
st grra ter dt^Us, a horlioorally dlaccnttonona etraturt 


1775 Estuarlet. hay. and fjonli ,» » 

OflbtflVAT I0HS OF HINIi-lNDULED, 5UBHWL VAMiKU' 

THE DELAWARE ESTUARY , .. 

Kuu-Chuln Hong and Richard W. Wi vlna J 1 - 0 ' !***.,, ]t . 
SLudlns, Unlvnrsl ty of Delaware, N6nir» ■ ,h, (*!;.:• 

Soa level and cun-on L observations a,aB = , f . r , l1c( , f 
asluary during an Lunin of 1M2 « erc wa |J' n , «.,E11U 1 

or wiml-fgrced subl1d*l variability. TW /> ni|H 
sea level fluctuntlons nl iho mouth of ‘"f 
found to bo forcod pi Inuirtly by Ihs li, "“ , , 
ovei tho con 11 ucn to 1 shelf nearly P ar4 ']‘ p)nt , .j « 
Indicating ccatlal I Inin traniport^ M> JJ e s . .^.c 
wind. Local wlml fnrclnn wllhl" lh > 1 e *4 1 ^ ,1, mu)i" 
bo IntluiiiriL&nL. Tho lublldal sm 1 . u pr;„* 
of iho ostusry was found lo bo dfl»9 n b ' *v* 
a combination of two ■’emote forcing mMMn ' t 
acting at the mouth of the Oelawaro inr0j|9 , „ i i|sS.t' 
cstunry- theif coupling and a socond acl^ i"! “ 
tha Cho&apeako Day and iransnltteil fn# J™ ' Ctfl i 
Chesapeake through lha Chosepcole s"d “*■* . naUrtH 
which links the two ojeuaries. in i™ “Jf? htldil 
estuary ho found predominantly “* rolrop, ,, rh ,-iur i* 
current fluctuations supai-lmposed on e rut 
layer gravilational circulation, these tu ra ' , 

Lions were produced primarily by th« katwH" *!* 
surface slope generated by tho <HUi ireoce 
two remote forcing mechanisms. Tna evioe . f!u j i 
suggests that tho Chesapeake and Del aware 
critical role Ip the subtldsl clrcuUtio 1 
Delaware estuary. 

I. Geophys. Has. . C, Paper 4C0964 
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AN ESTIMATE OF THP. HE AN FIELD OF J^lwecalcy «l 


H ESTIMATE u, THP. ““AM rillM w» 

. Colony iPolar Sclaoco Cantar, (IMM^ 

oat tie, Haahlngtoa 98195) and A. *• TS 2”L it Vzrf* 1 * 


Boat tie, Haanington voiva^ - T w . vt»~^ 

beparcaent, Uolveralcy of Pugac Souaa, 

9B41fi ) . i. cM Ad' 1 ' 

The genaral circulation ol oaa **•.: hjj J* 4 * , 


zne Bonacai circuuziwi •»* --- — ...... iin 

IB aatlaaced rrom drift track data- * rttori**' ® 
100 atatlon-yaare of drift data hav» b _ tfcjl fill 
the principles of opt Inal linear (liUf,. 

used to obtain a quantlratlva aatl»“ grifilM 

oaan notion, (general circulation, 
buoys) 


J, U Sophy a. Res., C, Paper 4C0925 
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5340 Shook Vsvaa .ums !<■ 

SCALE LENGTHS IN OUASI-PARALLEt Cant«r. u 

J. 0. Sc udder (NAM/Ooddard «P*«J W H P ^ 
for Extraterrestrial p ' 1y * lo f ■, ? V* 


F. Burlaga and t. M. OraanaUdt ■ “ 
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prasantod to ESfigJ* Z*X& . 

L or the fluid declaration nUW* - AU l 
tRa nagnatlo nuotuatlcM. Ig,. •' SiFl 1 ', 1 i V 

Tho lnoragaa In ileetro- S*.’ 

Uluatratad te oeour oo the •‘“f* A- ^ f *f r «i 
The eelautad lnterpl«iiit«ry 
both wperoriyoil high *• *?”*.. ,. » 

AJfvdh HAoh nlrtbara. !! a 5«*" r aHSg'ftai 

odnvedted .Umor raHU * 1 !L (r 


mabdr in ter planetary shook U • n,/a .) *** 

.- ih» that , at bert 1 shock j.': »“■ J- 'jMalU *5 V 

th. plaaiia n«v' NpM 4 ; ! 2 ?t 


J. Graphys. Res.i C, Paper 4 CM 94 
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Groundwater 
Occurrence and the 
Dissolution of Salt at the 
WIPF Radioactive 
Waste Repository Site 

Lokesh Chaturvedi and 


Kenneth Rehfeldt 1 

Environmental Evaluation Group, Sania Fe, 

New Mexico 87503 

Introduction \ 

The Waste Isolation Pilot Plant (WIPP), lo- ; 
cated about 25 miles east of Carlsbad, in j 

southeastern New Mexico, is slated to be die 
first deep geologic repository For permanent 
disposal of radioactive wastes in the United 
Stales. The repository will be located in bed- 
ded salt of Permian (225 m.y. B.P.) age, at a 
depth of 655 m below the ground surface. 

The present mission of WIPP calls for a per- 
manent disposal of approximately 170,000 
cubic meters of defense transuranic (TRU) 
wastes and for temporary, retrievable em- 
placement of 4.25 cubic meters of experimen- 
tal high level wastes. The site will not be li- 
censed by the Nuclear Regulatory Commis- 
sion (NRC) but will comply with the 
Environmental Protection Agency (EPA) stan- 
dards and all other federal and state regula- 
tions. 

The site evaluation work for the WIPP has 
mostly been conducted since 1975 by Sandia 
Laboratories and the U.S. Geological Survey 
for the U.S. Department of Energy. On June 
1, 1983, the Department of Energy (DOE) 
declared the sile to be acceptable and an- 
nounced its decision to proceed with ihe con- 
struction of the repository. Drilling of two 
shafts to a depth of 655 m and excavation of 
more than 3000 m of drifts has already been 
completed as pan of the site and preliminary 
design validation (SPDV) program. Under- 
ground excavation is currently in progress to 
excavate the "rooms" where rock mechanics 
and heater experiments without radioactive 
materials will be conducted until 1988. The 
radioactive waste is scheduled to start arriving 
m 1989. The decision on whether or not to 
retrieve the TRU waste will be made 5 years 
after the first emplacement at WIPP. Accord- 
ing to present schedule, the site will be de- 
commissioned in 2006. This dale primarily 
reflects the anticipated life of the mine shafts 
at WIPP. 

_ The New Mexico Environmental Evalua- 
tion Group (EEC) conducts an independent 
renew of all aspects of the WIPP project for 
Ihe State of New Mexico. After a careful re- 
view of the results of site investigation, EEC 
Wet ai, 1983] has concluded that the site 
selected for WIPP has been characterized in 
sufficient detail to warrant confidence in its 
luitability, although additional work remains 
to be done to answer fully some remaining 
Questions. These questions concern the hy- 
drology and the mechanics and rate of salt 
dissolution. The DOE is committed to resolve 
these questions satisfactorily before bringing 
any radioactive waste to WIPP. The discus- 
lion that follows provides the background 
*nd oudines the need for further under- 
standing of these questions 

Geologic Setting 

The WIPP site is situated In the northern 
part of the Delaware Basin, which is a sub-ba- 
*m of the well-known Permian Basin of the 
wuthwestern United States. The Delaware 
Basin is bounded by a Permian reef, known 
a* the Capitan Reef (Figure 1). The basin 
contains about 4500 m of Paleozoic sedimen- 
taty rocks overlying the Pre-Cambrian base- 
ment. The upper 1250 m consist of a sedi- 
mentary sequence belonging to the Ochoan 
oenes (Upper Permian), the lower 1000 m of 
which consist of the three evaporite forma- 
lions of interest to the WIPP. These three 
■ormations, from oldest to youngest, are Cas- 
Ule. Salado, and Rustler, respectively (Figure 
*)■ Underlying the Ochoan series formations 
11 Delaware Mountain Group (DMG) for- 
jadons which form the floor of the Delaware 
*™wn evaporite sequence. The total thickness 
01 ihe DMG is about 1200 m, but its upper 
jnernber, the Bell Canyon, is most important 
Jor site evaluation because it is an aquifer. 

1 horizon selected for WIPP is in the low- 
er part of the Salado Formation, 655 m below 
pound level. 

he* on a generally Rat plain cov- 
with sand and caliche and deserl bushes. 
, Wo “fdvely developing sblution-erosion fea- 
res he west and east of the site. The one to 
t n? w f ,t > Nash Draw, is a. dog-bone shaped 
wdence feature 10-20 km wide in the 

Department of Civil Engineering, 
b^Jttemuetts Institute of Technology, Cam- 
bn dge,MA 02189. 


east-west direction and about 30 km long 
(north-south). The eastern edge of Nash 
Draw lies 5 km west of the edge of the WIPP 
sile (Figure 3). (Figure 3 shows the original 
boundary of WIPP, the outer fringe of which 
was abandoned by DOE in 1983. The pres- 
endy planned repository is a 100 acre area 
south of ERDA-9. This area may be extended 
later but will remain within die inner octago- 
nal area known as Zone II. Outside diis is 
Zone III, where no surface mining or non- 
WIPP drilling will be allowed. A fenced area 
at the center (not shown in Figure 3) will 
house the administrative buildings and the 
shafts and is designated Zone I.) 

Geohydrology 

The Rusder and the Bell Canyon forma- 
tions contain poor quality groundwater under 
confined conditions. In addition, pressurized 
brine has been encountered in the upper pan 
or the Cnstile Formation in several wells near 
the WIPP site (Figure 3). Since groundwater 
is the most likely mechanism for bringing ra- 
dioactive waste from the WIPP repository to 
the biosphere, a detailed knowledge of the 
regional sile specific groundwater conditions 
is necessary to assess the radiological conse- 
quences of breach of the repository. A sum- 
mary of the characteristics of various aquifers 
at the site follows. 


Bell Canyon Formation 

Over the Delaware Basin as a whole, 
groundwater in the Bell Canyon Foimation 
flows from wesL to east. In the vicinity of the 
WIPP site, flow is to ihe north nasi Tlv 'inii 
is recharged along die western edge ot the 
Delaware Basin, 90 km west of the site, where 
the Bell Canyon crops out- The unit appears 
to discharge into the Caoitan Reef to the east 


lo discharge into the Capitan Reef to the east 
(Figure 2). 

The salinity of ihe Bell Cativon water in- 
creases from west to east. In the vicinity of 
the site, the total dissolved solids in the Bell 
Canyon range From ISO to 270 g/j. The water 
in the Bell Canyon is under artesian pressure 
and the poientiomeiric surface corrected to 
fresh water potential rises to ground level at 
the WIPP site. 

Hydraulic head data are sparce and of 
questionable accuracy. In the vicinity or the 
WIPP site, only three boreholes have so far 
been used to collect Bell Canvon head dam. 

A direct measurement of hydraulic head is 
available at only one well. At the other two, 
down hole pressure and fluid density were 
used to calculate the hydraulic head. It is 
planned to test this formation in three more 
boreholes during 1984-1985. 

The hydraulic properties of the Bell Can- 
yon vary considerably. The reported hydrau- 
lic conductivity values range From less than 
lO' 7 cm/s to 2 x HT 1 cm/s and the porosity 
ranges from 4 to 30%. The calculated veloci- 
ties, assuming a hydraulic gradient of 0.003, 
range from 1 x 1 0' 9 cm/s to 1.5 x lO* cm/s. 
The mean travel time of an ideal conservative 
solute over a distance of 17 km (roughly the 
distance from the center of the WIPP to the 
Capitan Reef) ranges from 5.4 x 10 7 years to 
3.6 x 10 8 years. After 3600 years the nuclides 
remaining are essentially Pn , Pu . J™* 
U*». Lesser amounts of U M , U , and U 
also remain. The movement of Pu is greatly 
retarded, ai least in low concentrauons, so the 
travel time of Pu is likely to be much longer 
than that of water. It appears, therefore, that 
IF a repository breach released radionuclides 
into the Bell Canyon, the travel lime of the 
nuclides would be so great that the resulting 
concentration of radioactivity in the water 
•would be within acceptable limits at the Capi- 
tan Reef. 

Castile Formation 

The Castile Formation direedy underlies 
the Salado formation where the repository 
will be located. The Castile « of interest be- 


6), is that the two boreholes intercepted sepa- 
rate reservoirs. However, although it would 
be incorrect lo conclude that each of the 13 
occurrences represents a separate brine reser- 
voir, there is no indication that a brine "aqui- 
fer" exists in the Castile. 

The brines arc of concern because they are 
under anomalously high pressures. In WIPP- 
12, the pressure of the brine reservoir (en- 
countered 930 in below the ground surface) 
is sufficient to support a column of brine ex- 
tending more than 300 m above the ground 
surface. If a brine reservoir exists beneath 
the repository, then the potential for bringing 
radioactive material to the surface exists. EEG 
[Chanvelt, 1982; Bard, 1982] has calculated 
the maximum radiation dose to an individual 
from a brine reservoir scenario to be below 
the limits that EPA Protective Action Guides 
recommend for low probability accidents. 

These calculations may change substantially if 
the type of radioactive wastes lo be buried aL 
WIPP is changed from that presently 
planned. 

Rustier Formation 

The Rustler Formation directly overlies the 
Salado Formation and contains three recog- 
nized fluid bearing zones. From siratigraphi- 
cally lowest to highest, these are the Rustler- 
Salado contact residuum, the Culebra dolo- 
mite, and the Magenta dolomite. The 
transmissivity of the Culebra is highest, fol- 
lowed by the Magenta and the Rustler-Salado 
contact. The water quality is highly variable 
within each unit. The total dissolved solids 
concentration is lowest in the Magenta (the 
uppermost unit) and highest in the Rustler- 
Salado (the Inwcrmosl unit). Nearly all the 
water in the Rustler has TDS concentrations 
greater than 10,090 mg/1. The exception is 
die Culebra water saiiih-southwest of the cen- 
ter of the WIPP site where the TDS is about 
3,300 mg/1. 

All three units probably discharge into the 
Pecos River 25 kin southwest, near a bend in 
the river known as the Malaga Bend (Figure 
1). The recharge areas are identified ralner 
imprecisely as being upgradient of the mea- 
sured hydraulk. heads auuiit 15-25 km north 
of the WIPP site. At the WIPP site the three 
units arc separated bm are probably intercon- 
nected in Nash Draw west and southwest uf 
the site. 

Of ihe three Rustler units, the Magenta 
and Culebra are uf prime concern because 
they extend over the WIPP site, whereas the 
Rustler-Salado contact zone mainly produces 
water west of the WIPP site [Gonzalez. 1983; 
Mercer, 1983]. The majority of the testing in 
the Rustler has concentrated on the Culebra 
because it is more ira ns missive than the Ma- 
gL'iita .ii id lhi'ictuic Ijctiei suited Inr stnalyL - 
ing ihe worst case bounding breach scenarios. 
e The groundwater in the Magenta flows 
’ west from the site toward Nash Draw and 
then to the Pecos River near Malaga Bend. In 
and near Nash Draw the Magenta and Cule- 
bra appear to be hydraulically connected be- 
cause the hydraulic head difference, over 30 
m at the WIPP site, is only a few meters in 
l Nash Draw. The direction of groundwater 
: flow in the Culebra indicated by the po ten do- 

me trie surface [Mercer, 1983] is south or 
southeast for 6-8 km and then to the west to- 
ward Malaga Bend. This apparent flow path 
is inconsistent with the observed chemistry. A 
marked change in the waLer chemistry in the 
Culebra aquifer occurs about 6.5 km south- 


Uie in ai — ----- , .. 

i, 0 i e , drilled to that 'depth in the northern 

Delaware Basin, Including the WIPP 5,le J F ’S' 
tire 3). The conclusion reached as. a result ol 
extensive hydraulic and chemical testing of 
two occurrences, one 1.6 km north of me 

center of the site (WIPP-12) “ d ^" 7 A . 

km northeast of the center of the site (ERDA 
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west of the center or the site. The total dis- 
solved solids to the southwest is much less 
than to ihe north. In addition, the water to 
ihe southwest is dominated by Ca 2+ , Mg 2+ , 
and SOi 2 ', whereas to the north the water 
chemistry is dominated by Na* and Cl'. Com- 
paring the subsets of Culebra water, (he total 
Ca s_t . Mg 2 *, and SOh 2 ' differ by a factor of 2 
or 3, whereas the Cl' differs by factors of 8— 
1000. Therefore, a simple mixing of high 
TDS water with fresh recharge from precipi- 
tation does not explain the observed Culebra 
water chemistry. 

The Capitan Reef 

The Capitan Reef comprises one of the 
most productive freshwater aquifers in south- 
eastern New Mexico. It surrounds the Dela- 
ware Basin in a horseshoe shape (Figure 1). 

At its closest point, it lies 16 km to tne north 
of the WIPP site. Water that flowed eastward 
from this aquifer into the Bell Canyon com- 
bined with surface recharge into the Ochoan 
evaporite sequence of the Delaware Basin 
must have been responsible for the dissolu- 
tion of salt in the basin. Whether or not this 
is an active process at the present lime is a 
matter of controversy and a great deal of 
speculation. Some [e.g., Anderson and Kirk- 
land, 1980; Anderson, 1981] believe that the 
Capitan Reer acts as n recharge source to the 
west and a discharge sink to the east and lias 
thus facilitated the dissolution of salt in the 
evaporites at depth in the Delnwarc Basin. 

This point is further discussed below. 

Extent of Salt Dissolution in 
the Delaware Basin 

Bedded salt is a prefer rail medium for jier- 
mnneni emplacement of radioactive wastes 
because ol the favorable physical, thermal, 
and mechanical properties of halite. Howev- 
er, halite is also readily soluble in water, and 
most bedded salt deposits have undergone 
different degrees of dissolution since their 
deposition. 

In the area of the WIPP, there are several 
indications that a large amount of salt From 
both Lite Rustler and Salado formations has 
been dissolved away. To evaluate the impact 
of such dissolution on the nuclear waste re- 
pository of the WIPP, it is necessary lo un- 
derstand die horizontal and vertical extent us 
well as the linte and rate of suit dissolution in 
Delaware Basin. 

The regional dissolution of salt beds in (he 
basin lias progressed from west to east, li 
must have been initiated with the tilling of 
the basin to die east sometime during the Cc- 
nozoic era. which faciliiaied the injection of 
water from the Orphan Reef aquifer down- 
dip to the east into the Bell Canyon as well as 
surface flow into ihe evaporite deposits. In 
the western part of the Delaware Basin, the 
exposed Castile, Subdo. and Rustler forma- 
tions no longer, contain any suit. The Salado. 
which before dissolution consists mainly of 
halite, is represented by a chaotic jumble of 
insoluble residue, less than one third the 
thickness. Even where the Salado is buried 
underground, most of the salt in it is proba- 
bly represented by fractured anhydrite and 
breccia in the region designated as the "Area 
or Complete Removal of Salt” in Figure I. In 
the area of "Salt Dissolution Zone" of Figure 
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Fig. /. Extent of removal of salt from the Salado formation in the Delaware Basin. 
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1, die borehole logs indicate dissolution in 
the lower Salado and upper Castile [Anderson, 
1982]. Bachman [1983] interprets the well logs 
to Indicate dissolution breccia in lower Salado 
but not in Castile. The different interpreta- 
tion stems from the difficulty in recognizing 
the Castile/Salado boundary. 

The removal or halite by dissolution is ob- 
served in the Rustler Formation as well- 
Where unaffected by dissolution, the Rustler 
Formation is 150 ni thick and contains about 
six discrete halite units with an aggregate 
thickness of about 40 m. Much of this halite 
has been removed over most of the WIPP site 
by dissolution. Directly above the selected re- 
pository area (Zones I and H) of the WIPP 
site, all the salt in the Rustler Formation, ex- 
cept a layer of argillaceous halite below the 
Culebra aquifer, has been removed by disso- 
lution. 


tivity of the Bell Canyon, NeiU ft at. flOBSJ 
estimated that at most 20-50 times less _ salt 
could have been transported through the Belt 
Canyon than is estimated to have been re- 

moved. _ , . , 

The second explanation for the missing salt 
is provided by Bachman [1983]. According to 
him, major dissolution of the evaporites in 
the Delaware Basin lias been restricted to ar- 
eas where the Pecos River and its tributaries 
have initiated karst systems, or to limited ar- 
eas which overlie the Capitan Reef aqmter. 
Figure i shows the path of an ancestral Pecos 
River, east of the present day Pecos, as postu- 
lated by Bachman [1983] on the basis or nver 
gravel deposits left by this river. Bachman 
[1983] believes that this ancient system was 
responsible for the development of an exten- 
sive karst terrain now seen east of the present 
day river. The salt beds of the lower Salado 
Formation were selectively dissolved during 
the Cenozoic lime as a result of a dissolution 
front which was perched on the upper anhy- 
drite in the Castile Formation. Bachman 
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Castile formations, and the resulting brine 
sinks into the underlying aquifer. Thus, the 

E mulated mechanism would continue as 
ng as the supply of undersaturaied water 
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the development of a dramas system a few simply represents a facies change or 

feel below the surface, into wind ‘ J* re m 0va | during a much earlier time soon af- 

bris is carried by subsequent storms. As the deposition. By drawing a composite iso- 

gradient of the drainage system '"creases, 1 P Qf lhc 1 c as( iie and lower Salado 
headward cutting results. According to > EJ r 1 |nai p | ^bert [ |983] has shown that the 

man [ I9B0|, tin* process is CTirrcmly nctive in halite” areas commonly result in lit- 

Nasi. Draw, west of the WIPP site. departure from regional thickness 

As stated nhovc. salt has been removed oF Ca^ and lowcr Salado Ivaporites. He 

from il le Ru st ler Formation . winch lies be- , f ascribes the observation of missing 

tween 170 and 200 m below the ground sur- olher lhan Cenozoic dis- 

face at the WIPP she. 1 he lower SLETS*. deposi.ional heterogeneities. 
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dtnon [1982] has concluded that about 50% Anderson [1981 , 1982] maintains that most 
5EU in the Salado and Castile forma- of the dissolution and removal of halite from 
tions has been removed by dissolution, with the Salado and Castile evapome beds in the 
as much as 70% of the original salt removed Delaware Basin has occurred since the jilting 
from the lower Salado horizon in the basin. of the basin to the east during the latter part 

For Che mechanics of salt removal through of the Cenozoic. probably 4-8 m.y. ago. Ac- 

‘‘deep" dissolution, Anderson [1981] invoked a cording to him, this event exposed the idled 
"brine density Row" model, which had been limestone of the Capitan Reef as well as the 
proposed earlier [Anderson and Kirkland, sandstones of the Bell Canyon Formation 

19801 for the formation of breccia chimneys. which acted as suppliers of meteoric water to 
This mechanism requires a connection be- the lower part of the evapontes. Anderson 
tween the lower Salado and the underlying has also used the correlation between the 
Bell Canyon aquifer through fractures in the area of the bulk of the missing salt with the 
intervening Castile Formation. It was hypoth- deep depressions filled with Pleistocene allu- 
esized that surface recharge moves into the vial fill (described by Malay andHuffingion 
evapontes. dissolves salt in the Salado and [1953]) as evidence for most of the dissolu- 

Casifle formations, and the resulting brine lion having taken place during ate Cenozoic. 

sinks into the underlying aquifer. Thus, the However, there exists some dear evidence 

postulated mechanism would continue as of at least some dissolution having occurred 

lone as the supply of undersaturaied water in earlier geologic times. Some dissolution 
lasts and the fractured pathway remains un- through subaeriai erosion occurred prior to 
cloeeed. Wood et al. [ 1 9821 studied the poten- the deposition of Salado. dunng the Permian 
liaTaissolution mechanisms of diffusion and time. This is evident from die erosiona! un- 
conveciion from the halite zones of Castile conformity that truncates Halite I II bed of 
and Salado to ihe Bell Canyon and the Capi- the underlying Casule Formation. Bachman 
ran Reef aquifers based upon a range of rc- [1980] has proposed that the pre-Cenozotc 
ported values Tot die hydrogeologic and geo- times of nondeposiuon in the basin, mainly 
chemical parameters which influence salt re- the Jurassic, must have been the umes or ex- 

moval They concluded that the removal of tensive erosion and subsurface dissolution 
dissolved salt through the Bell Canyon can through circulation of meteoric water. Anrfer- 
utke place only at a very slow rate, which ion [1981 ] disagrees with the concept of ex- 

would be grossly insufficient for removing tensive pre-Cretaceous dissolution in the ba- 
an proximal cl y 7 x 10 12 m* of sail from lower sin on the basis of the isopach maps of the 
Salado in 1 5 million years, or about 4.7 mil- middle and upper Salado showing regionally 

lion m» of wit tier sear (as estimated by [An- normal thickness trends extending westward 

f/raoM 1981]). Even using the most conserva- to the area or present truncation. He points 
Mnnripd values for the hydraulic condiic- out that a truncation surface sufficient to al- 
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lasts and the fractured pathway remains un- 
dogged. Wood ei al. [19821 studied the poten- 
tial dissolution mechanisms of diffusion and 
convection from the halite zones of Casule 
and Salado to the Bell Canyon and the Capi- 
tan Reef aquifers based upon a range of re- 
ported values Fot the hydrogeologic and geo- 
chemical parameters which influence salt re- 
moval. They concluded that the removal of 
dissolved salt through the Bell Canyon can 
take place only at a very slow rate, which 
would be grossly insufficient for removing 
approximately 7 x 10 12 m» of sail from lower 
Salado in 1 .5 million years, or about 4.7 mil- 


joinuu hi r — ■ l l r i 

lion in* of wit per >ear (as estimated by [An- 
ilerson, 1981]). Even using the most conserva- 
tive reported values for the hydraulic condiic- 


low pre-Cretaceous dissolution to reach into 
the Castile Formation would require a region- t 
al dip in the Cretaceous far greater than ob- I 
served. Bachman [ 1983] believes that Tertiary s 
and Pleistocene hydrologic conditions no 
longer exist except along the present Pecos 
River channel, and therefore the dissolution 
of halite in die lower Salado and Casule For- 
mations is not an active process, at least near 
the WIPP site. . u _ _ 

The easiest way to determine the satety oi 
the WIPP site from the effects of deep disso- 
lution would be to calculate an average rate 
of halite removal from the Delaware Basin 
and the distance of the dissoluuon front from 
the site. Assuming that the edge of the Sala- 
do salt has moved from the Capitan Reef 
front to its present location (Figure 1) during 
the past 7-8 million years, Bachman and John- 
son [1973] concluded that the horizontal rate 
of movement of the blanket dissolution front 
is about 10-13 km per million years. Based 
upon the dating of a volcanic ash layer associ- 
ated with the Pleistocene Gatuna Formation, 
which is exposed at the ridge on the eastern 
margin of Nash Draw, Bachman [1980] con- 
cluded that about 60 m of subsidence has oc- 
curred in this depresssion during the past 
600,000 years. Using this rate, Bachman 
[1980] calculated an average rate of 100 m 
per million years for the vertical dissolution. 

It is more difficult to determine the rates 
of advance of dissolution fronts for the deep- 
seated variety of dissolution. Such deep-seat- 
ed undermining does not necessarily leave a 
discrete geomorphic feature such as a scarp. 
Anderson's assumption that the missing salt 
was removed by dissoluuon during late Ceno- 
zoic has been questioned. According to Lam- 
bert [19831, the tilling of the basin has not 
been precisely dated, but only estimated by 
Hayes [1964] as “late Cenozoic" in the total 
absence or geologic lime markers. The occur- 
rence of Gatuna sediments of Pleistocene age 
at the lop of the fills in the Malay and II tiffin g- 
ton [1953] depressions establishes the mini- 
mum age of the fill as Pleistocene. The deep- 
er parts of these fills have not been studied to 
, determine a maximum age for the fills, and 
therefore it is not reasonable to constrain the 
entire accumulation oF the fills to the Pleisto- 
cene. However, die generally unconsolidated 
nature of these fills shows them to he of a re- 
cent geologic time period and their involve- 
ment in ihe regional salt dissolution process 
cannot be ruled out. 

Integrity of the WIPP Site 

The question of prime importance for the 

f WIPP nuclear waste repository is whether 
there is a pathway for release of radionu- 
clides to the biosphere in case of a breach of 
the repository. The site investigation work 
conducted during the past 8 years has at- 


5. What is a reasonable explanation for 
the variations in the chemical composition of 
Rustler water at the WIPP site, south of the 
site, and in Nash Draw? 

The results of field testing and analyses 
conducted so far provide partial answers io 
these questions. The Department of Energy is 
planning to conduct additional testing and 
analyses over the next 2-3 years to answer 
these questions fully. „ 

With respect to the front of “shallow dis- 
solution, the mosL conservative approach 
would be to take no credit fur horizontal 
movement of this front, in other words to as- 
sume that the dissolution front has already 
moved over the site at the base of Ruiuer. 
Using die rate of vertical dissolution of 100 
m per million years calculated by Bachman 
[19801, it would require 4.5 million years to 
remove 450 m of salt in the Salado above the 
repository horizon. Admittedly, these rates 
are very approximate, but they are based on 
conservative assumptions. There appears™ 
be a sufficient margin of safety in the t murc 
direct breach of the repository through ih* 
low" dissolution of the type which has iormw 
Nash Draw. 

With respect in “deep” dissolution, as pos- 
tulated by Anderson, il is very difficult to w 
a rate of advance or the dissoluuon “O™- 
There is dear indication of missing sal H l 1 
the lower Salado Formation, in die ban u - 
solution Zone" of Figure 1. However, ihe 
mechanism of removal of salt is not w 
derstood. Besides, according to Awteison 
[1982], the dissolution al depth may not pro- 
ceed as a clearly defined Trout, but the ad- 
vanced effects of dissolution tnav be »»■ 
along "fingers" much ahead of tnc tl . 
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level of assurance about the integrity of the 
site. 

The primary potenual path of breach of 
the repository is through die Rustler aquifers 
into the Pecos River. A large amount of in- 
formation on the hydrologic characteristics of 
the Rusder Formation is available. However, 
the following questions remain to be an- 
swered. 
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bed in the lowest part of the Salado Forma- 
tion may be missing. Since this well is outside 
the WIPP boundary and is one unconfirmed 
anomaly out of a large number of wells, EEG 
has nut made any recommendations in ex- 
plore this feature further. 

Approximately 3000 ni of underground 
drifts at the selected repository level 655 m 
below the surface have already been excavaL- 
ed at the WIPP site. This excavation lias been 
conducted to validate the site characterization 
under die site and preliminary design valida- 
tion (SPDV) program. The thickness and con- 
tinuity of strata displayed in this excavation 
are remarkably uniform, and there is no indi- 
cation of dissolution either at the repository 
horizon or in cores of 15 in vertical boreholes 
drilled from die floor and ceiling of die exca- 
vation. 

Conclusions 

There are two main areas of concern with 
regard to the suitability of the WIPP site. The 
characteristics of the water-bearing zones of 
the Rusder Formation should be understood 
very thoroughly to preclude any possibility of 
these zones acting as pathways for migration 
of radionuclides to the biosphere. In addition 
to hydrologic testing already completed dur- 
ing the past 8 years, additional drilling and 
field testing is planned over the next 2-3 
years. These forthcoming studies include the 
drilling and testing of several new hydrologic 
wells, drilling of new wells near existing hy- 
drologic wells to convert at least eight single 
wells to sets of three-nested wells for tracer- 
tests and flow tests. The study of cores and 
determination of hydrologic properties from 
the cores as well as more geochemical testing 
of Rusder Formation waters are also planned. 
The data rained from these studies will be 
used to refine a hydrologic and contaminant 
transport model of the Rusder aquifers. In 
addition, a water-balance study for the site 
will be conducted and some suspicious de- 
pressions on die site would be bored to see 
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whether they are alluvial defines. Another 
study will try to answer (lie question of the 
mechanism of salt removal from the Rustler 
Formation. These studies will help to resolve 
die question concerning the possibility of 
karst conditions in the Rustler Formation. 

Tiie second area of concern is the effect of 
dissolution of salt on the integrity of the re- 
pository. The Salado Formation does not ap- 
pear to have been affected in and around the 
WIPP site by past dissolution. The suspicion 
of an area of point-source dissolution from 
below, located 3.25 km north of the center of 
the site, will be investigated. Although strata- 
bound dissolution of the Rustler salt occurs 
across the WIPP site, such dissolution does 
not seem lo have affected the top of the Sala- 
do Formation at the WIPP site. However, the 
collapsed depression of Nash Draw is only 
about 6.5 km west of the center of the site. It 
is therefore important to understand thor- 
oughly the mechanics of removal of salt from 
the Rustler Formation. 

The mission of WIPP calls for the perma- 
nent emplacement of transuranic waste which 
would be reduced to a level of radioactivity of 
natural uranium ore in less than 100,000 
years. The site selected for WIPP lias been 
characterized sufficiently to enable the analy- 
ses of worst case scenarios of breach of the 
repository and consequent release of radioac- 
tivity. However, a few gaps remain in our 
knowledge of the geologic and hydrologic 
characteristics of the site which relate to the 
transport of radioactivity to die biosphere in 
the event or a breach. Additional field work 
to close these gaps is being performed cur- 
rently and will be completed before die waste 
is brought to the site in 1989. If the addition- 
al work indicates a possibility of release fff 
hazardous quantities of radioactivity to the 
biosphere, the EEG will recommend addition- 
al engineered barriers or investigations for a 
new site. 
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Greenhouse 

Hydrology 

A new report by the Environmental Protec- 
tion Agency (EPA) takes predictions about 
life in the ‘’greenhouse" future one step far- 
ther by analyzing die possible effects a build- 
up in atmospheric carbon dioxide would have 
on the hydrologic cycle. While principal au- 
thors David Rind and Sergej Lebedeff of the 
National Aeronautics and Space Administra- 
tion (NASA) Goddard Institute for Space 
Studies in New York warn that their comput- 
er models are “only the first step in the proc- 
ess of planning for future changes," they sug- 
gest that a greenhouse warming would cause 
"substantial changes throughout the hydro- 
logic cycle.” 

The study focuses specifically on changes 
in hydrologic conditions such as precipitation, 
evaporation, soil moisture, and runoff that 
would accompany a twofold increase in atmo- 
spheric CO*. The Goddard model produces 
an atmospheric warming of 4.1“C for this 
doubling, which is at the high end of the 
range predicted by National Academy of Sci- 
ences studies (Eos, November 15, 1983, p. 

929, and August 17, 1982, p. 609). 

The researchers first looked at large-scale 
variables for the entire North American con- 
tinent, such as annual average precipitation 
and evaporation. "To be useful lo decision 
makers,” however, the report states, "projec- 
tions or hydrologic changes must also be tied 
to specific locations. . . . This study seeks to 
address these issues by examining possible 
changes in specific hydrologic characteristics 
including ground moisture, length of grow- 
ing season, frequency and severity or ^ 
droughts, runoff, and ground moisture. 

Using the Goddard general circulation 
model (GCM). n computer simulation or the 
physical forces that affect weather, the re- 
searchers first made a control computer nip 
based on existing hydrologic and atmospheric 
conditions, then compared these rtsuha«ih 
the output when the atmospheric CO. was 
doubled. Also Factored into the computer 
models were observed hydrologic ^Ikmt 
during a particularly cold pond ^ 0900-1920) 
and a particularly warm period (1940-1960}- 
The double CO. model was integrated for a 
period of 35 years, enough ume, ««w d Jj8 lo 
the authors, to produce an equilibrium cli- 
mate. When the "greenhouse mpddwas 

run, the researchers saw a general pattern ot 


increased precipiiatiun in ihe north and 
northwcsiem parts of North America. Evapo- 
ration also increased by 15-20%- in the north- 
ern and western pans of die continent and 
by II % worldwide, similar to the percentage 
increases for rainfall. Runoff increased over 
the nonlnvesiern and extreme southwestern 
parts of the continent by as much as 20-608- 

In order to minimize computer lime, the 
researchers divided North America’s weather 
into large "grid areas" approximately 27,000 
km square, and so were not able to consider 
the specific effects of different topographical 
features on the weather. As a result, they 
point out, the current computer model is able 
to accurately recreate exisUng climatic condi- 
tions "only at a very aggregate level.” 

But the modeling work needs to continue, 
say the authors of the report, which is enti- 
tled "Potential Climatic Impacts of Increasing 
Atmospheric CO. with Emphasis on Water 
Availability and Hydrology In the United 
Stales." ’This report, in effect, presents a 
methodology for estimating the hydrologic 
impact of increased atmospheric COa,” they 
state in their introduction, "and should be 
looked upon as a first approach to a complex 
problem."— 77? 

Space Telescope 
Studies 

Definition studies for the Advanced X Ray 
Astrophysics Facility (AXAF), an orbiting X 
ray telescope to be launched From the space 
shuttle in the early IflOO’s, have been initiated 
bv NASA. The space agency selected two Cal- 
ifornia aerospace companies — -TRW and 
Lockheed Space and Missiles— to conduct the 
2-year studies of spacecraft hardware and sci- 
ence instrument requirements, after which 
time one of the two will be nwarded a con- 
tract to build the telescope. 

The AXAF facility will be the newest and 
most sophisticated in a series of X ray astro- . 
comical satellites dating back to the Uhuru 
satellite launched in 1970. Because the earth’s 


aaumu. ■«■•**■«•■-•■ ■■■ ----- . 

atmosphere absorbs most incoming X ray ra- 
diation, telescopes sensitive to those wave- 
lengths must be placed in orbit to be of value 
to astronomers. The AXAF will weigh ap- 
proximately 9000 kg and will measure 4.26 x 
IS m. Orbiting the earth at an altitude of 5 15 
km, it will carry a number of instruments 
suited to the study of astronomical X ray 
sources, among which are active galaxies and 


suspected black holes. The observatory is ex- 
pected to see X ray sources 100 times fainter 
than those seen by the i IEAO-2 (High Ener- 
gy Astronomy Observatory) launched in 
1978, and will represent a significant im- 
provement over the European EXOSAT now 
m earth orbit, particularly in its long opera- 
tional lifetime, which is now expected to be 
about 15 years. 

Lockheed and TRW are each receiving 34 
million for the definition studies and will in- 
vestigate the types of science instruments 
needed for the telescope and the spacecraft 
hardware configurations required to support 
them. The heart of the observatory will be a 
nested series of concentric, cylindrical mir- 
rors that will focus X rays onto the imaging 
detectors or the various science instruments 
mounted within rite telescope cylinder. Like 
the Hubble Space Telescope now planned for 
launch in 1986, the AXAF would be operated 
as a national observatory to be used by the 
entire astronomical community. 

Science Policy 
Studied in Congress 

The House Science and Technology Com- 
mittee will initiate a comprehensive study or 
science policy in the United States, Although 
the study will not Formally begin until Janu- 
ary, when the 99 th Congress convenes for its 
2-year term, a newly appointed task force has 
begun to develop the agenda for the commit- 
tee's work and has begun to prepare back- 
ground information for the study. 

Don Fuqua (D-Fla.), chairman of the Sci- 
ence and Technology Committee, said that • 
the health and vitality or American science 
unquestionably has been a major factor in the 
strong performance or the American econo- 
my over the last 35 years. However, the com- 
mittee is concerned that present policies and 
practices may not be frilly adequate. to (he 
new environment facing U.S. science in the 
coming decades. 

Among Lite issues that are expected to be 
on the agenda are the institutional frame- 
work for the support and conduct of scien- 
tific research; the training. and education of 
young scientists; methods of Rinding re? 
search 1 , and the overall funding levels for sci- 
ence. 

The task force, to be composed of approxj- 
Newfl (coat, on p.46Q) 
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AMERICAN GEOPHYSICAL UNION 


Geophysical Events 


AGU rtas an extensive, multi- 
disciplinary publications pro- 
gram. Subject areas include the 
fields of hydrology, marine 
geophysics and oceans, solid 
earth and planets, space 
physics, and atmospheric 
studies. 


Plate Reconstruction 
From Paleozoic 
Paleomagnetlsm (1984) 

Geodyrtamhs Series Volume 12 
R. Van der Voo, C.R. Scotese, 

and N. Bonhommet, Editors 
136 pages * hardbound • Illustrations • 
I5BNQ-87SW-3I3-4 320 

The eleven papers In this book detail a slate- 
df-the-art account of Paleozoic paleomagnetlsm 
studies. This Is the first volume In the series of 
progress reports on the work and research of 
the International Uthosphere Program. 


practical mathematical models to predict the 
extent of groundwater subsurface contamina- 
tion. Primary emphasis Is given to the use of 
simple formulas and comprehensive tables, re- 
sulting In a readily usable guide In the field. 


For a complete listing of the 
books available from AGU, 
request a Publications 
Catalog by either calling or 
writing AGU. 

New releases are announced in 
Cos. Save this ad as an ad- 
dendum to your Publications 
Catalog. 


Call: 

800-424-2488 

(202) 462-6903 (In DC area 

or outside contiguous USA) 


Write: 

American Geophysical Union 
2000 Florida Avenue, NW 
Washington, DC 20009 


Climate Processes and 
Climate Sensitivity (1984) 

Geophysical Monograph Series Volume 29 
Maurice Ewing Volume 5 
J. E. Hansen and T. Takahashf, Editors 
336 pages • hardbound • Illustrations • 
ISBN 0-87590-404-1 328 

Throughout the fourth biennial Maurice Ewing 
symposium, primary attention was given to 
engendering an understanding of basic climate 
mechanisms. The unifying emphasis of the sym- 
posium — and this ensuing proceeding volume 
— was a focus on climate feedback processes 
within a broad range of time scales. The 30 
scientific papers are organized Into the con- 
ventional divisions of atmosphere, ocean, and 
cryosphere; each section Is bound together 
by the feedback process. 

Groundwater Transports 
Handbook of Mathematical 
Models (1984) 

Water Resources Monograph Series 10 
I. Javandel, C. Doughty, and 
C. F. Tsang. Editors 

240 pages • hardbound • Illustrations • 
ISBN 0-87590-303-4 $1* 


Magnetic Reconnection 
In Space and Laboratory 
Plasmas (1984) 

Geophysical Monograph Series Volume 30 

E. Hones, Jr., Editor 
408 pages • hardbound • Illustrations • 
ISBN 0-87590-058-5 338 

Based on the 1983 AGU Chapman Conference 
on Magnetic Reconnection, this volume offers 
a thorough examination of the subject area. 
A strong balance Is made between review 
papers, those which describe basic principles, 
and papers on recent theoretical and observa- 
tional advances. Of special Interest are major 
new magnetosphertc observations made by the 
ISEE 3 satellite. A question and answer session 
held during the Chapman Conference as well 
as an appraisal session are Included In the last 
section of the book. 


This Is a summary of SEAN Bulletin, 9(6), June 
30, 198-1, a publication of the Smithsonian Institu- 
tion's Scientific F.venl Alert Network. The complete 
bulletin is available in the microfiche edition af£oj 
as a microfiche supplement or os a paper reprint. 
For (he microfiche, order dommem E8 -1-007 at 
$2.50 (U.S.) from AGU Fulfillment, 2000 Florida 
Avenue, N.W., Washington, DC 20000. For the pa- 
per reprim, order SEAN Rullelin (giving volume and 
issue numbers and issue date) through AGU Sepa- 
rates at the above address; the price is $3.50 Tor one 
copy of each issue number for those who do nut 
have a deposit account, $2 for those who do; addi- 
tional copies or each issue number are $1. Subscrip- 
tion! to SEAN Bulletin arc available from AGU Put 
fillment at the above address; the price is $18 Tor 12 
monthly issues mailed to a U.S. address, $28 if 
mailed elsewhere, and must be prepaid. 


Volcanic Events 


Advances In Geodesy (1984) 

Reprint Volume available September 
E. W. Grafarend and R. H. Rapp, Editors 
320 pages • hardbound • Illustrations • 
ISBN 0-87590-235-9 S23 


From papers previously published in AGU's 
prestigious Journal, Reviews of Geophysics 
and Space Physics, this volume Is a collection 
of 30 papers which are sharply focused on 
recent advances In solving geodetic problems. 
The papers are divided Into four sections: Geo- 
detic Theory, Geodetic Estimation Procedures, 
Gravity Field, and Applications, 


30% discount to AGU members 


Written In a dear style, this work reviews, 
selects, and demonstrates the best and most 


accepted 


Orders under $50 must be prepaid 


News (font, from p. 459) 


maiely 18 of the representatives on the 
House committee, will meet several rimes 
during the next few months. I is first meeting 
» scheduled for August 2. A report will be 
prepared by the end of the year. House Sci- 
ence and Technology Committee Executive 
Director Harold Hanson will be coordinating 
the study. John Holmfeld will provide staff 
support for the task force. 


Ohio Stale University. Copies of the report 
are available from Peter J. Anderson, Insti- 
tute of Polar Studies, The Ohio State Univer- 
sity, 125 South Oval Drive, Columbus, OH 
43210 (telephone: 614-422-6531). Include $2 
to cover copying and postage. 

Pamphlets and kits on the preparation of 
proposals for research in Antarctica for NSF 
are available from the NSF Division of Polar 
Programs, 1800 G Street, N.W., Washington. 
DC 20550. Those contemplating submitting 
proposals later than August 15 or those hav- 


Junc, 85 sites (50%) were in the normal 
range, and only 19 sites (1 1%) were well be- 
low average. 

Although most of the northern United 
Slates experienced a wet June, low flow per- 
sisted in Texas, and dry conditions developed 
in much or the southeast and in the Ohio 
River Valley. 


Reflecting overall conditions in June, the 
combined average flow of the nation's three 


Upcoming Hearings 
In Congress 


ng specific questions regarding research op- 
portunities, budgets, or logistics should tele- 
phone the appropriate program manager: 
Mori D. Turner (polar earth science), Rich- 
ard L. Cameron (polar glaciology), or Rich- 
ard Williams (polar biology and medicine) 
(telephone: 202-357-7894). 


major rivers was 1,164 billion gallons per day 
(bgd). 38% above the seasonal average. The 

1 f! . * • ; A. I I 1 . 1" 


Merapi (Java): Explosions, nue£s ardentes, 
lahars; 1000 evacuated. 

Tinakula (Santa Cruz Is.): Tephra ejection; 
W flank submarine cone recognized. 

Rabaul (New Britain): Seismicity declines; 
deformation continues. 

Manam (Bismarck Sea): Strombolian activi- 
ty; debris avalanches. 

Lartgila (New Britain): Occasional ash emis- 
sion; seismicity weak. 

Campi Flegrei (Italy): Seismicity and uplift 
continue; socio-economic impact discussed; 
increased submarine fumaroiic activity. 

Etna (Italy): Explosions and lava produc- 
tion continue from SE Crater; central crater 
explosions. 

Kilauea (Hawaii): Phases 20-22; highest 
lava fountains of 1983-84 eruption. 

Mount St. Helens (Washington): New lobe 
extruded into notch in dome’s W flank (see 
cover photograph). 

Atmospheric effects: Atmospheric turbidity 
over Japan declines gradually from lale 1982 
to early 1 983 peak: Ildar shows persistent 
aerosols. 

Merapi Volcano, yam, Indonesia (7.54*3, 
110.44‘E). All times are local (■= E/7* + 7 
horns). 

The quoted material below is excerpted 
from a report by Adjat Sudradjat. 

“Merapi erupted June 15 between 0215 
and 0600. accompanied by miles ardentes 
that extended 7 km down rivers (the Baiang, 
Bebeng, and Krasak) on the SW side of die 
volcano. An eruption plume rose to 6 km 
height and caused ash hill in Muntilan, Am- 
barawa, and Semarang. approximately 60 kra 
north of the volcano. The eruption was ac- 
companied by detonations. The first explo- 
sion was followed by a milder eruption pro- 
ducing a plume to 2 km height and a nuie 
ardente to 6 km distance at noon. The fre- 
quency of nudes ardentes progressively de- 


The following hearing has been tentatively 
scheduled for tne coming week by the Senate 


Mississippi, St. Lawrence, and Columbia riv- 
ers toeetner drain more than half of the low- 


and House of Representatives. Dates and 
times should be verified with the committee 
or subcommittee holding the hearing; all of- 
fices on Capitol Hili may be readied by tele- 
phoning 202-224-3121. For guidelines on 
contacting a member of Congress, see AGV's 
Guide to Legislative Information and Contacts 

(Eos, April 17, 1984, p. 159). 

July 31, August 1, August 2i Hearing on 
the status, trends, and plans for the opera- 
tions management and use of the space 
transportation system by the Space Science 
and Applications Subcommittee of the House 
Science and Technology Committee. Rayburn 
Building, Room 2325, 9:30 A.M. — BTR 


Pleiades Wind 


ers together drain more than half of the low- 
er 48 states, and their flows provide a conve- 
nient check on the status of the nation's water 
resources. 

Record high monthly average flows for 
June occurred In Iowa, Kansas, Minnesota, 
Nebraska, and Nevada. The Humboldt River 
at Palisade, Nev., for example, set a record 


for June of almost 3 bgd, the highest flow in 
77 years of record. The Humboldt River has 


Beardmore Glacier 
Proposals Wanted 


Proposals for research projects lo be con- 
ducted in the upper Benrdmore Glacier area 


of Antarctica during the 1985-1986 field sea* 

l _« ...J. i i i c.: 


son arc being accepted by the National Sci- 
ence Foundation (NSF) through August 15. 


Later proposal submissions snouitt dc dis- 
cussed with the appropriate program manag- 
ers (see l>elow). 

A Temporary camp with helicopter support 
will be established in l he region. Occupation 
by scientific parties will likely be between 
mid-November 1985 and mid-January 1980. 
Transportation in ihc field will be by IJH l-N 
twin-engine Huey helicopters (with a range of 
approximately 185 km) and by motor tobog- 
gans. Satellite tent camps will be established 
within the range or the helicopters. The exact 
position of the main camp will be determined 
m November. Likely candidates, however, are 


Astronomers studying the star Hzl883, lo- 
cated in the cluster of young stars called the 
Pleiades, report that they have found evi- 
dence that the star is pouring out an ex- 
tremely strong stellar wind from an active 
emission region roughly one solar radius in 
size. The rapidly spinning star is losing angu- 
lar momentum as a result of this steady out- 
ward stream, and so is slowing its rotation. 
Geoffrey Marcy and Douglas Duncan of the 
Mount Wilson and Las Campanas Observa- 
tories and Ross Cohen of the University of 
California at San Diego wrote in a paper de- 
livered to the American Astronomical Society 
in Baltimore in June that, "U seems plausible 
that a succession of rapid rotation, mass loss, 
and subsequent spin-down constitutes a natu- 
ral, though transient, stage in (he evolution 
of lale-lype stars." 

The astronomers arrived at this explana- 
tion for the star’s behavior after they detected 
periodic changes in the shnpc and symmetry 
of ils H-nlpha spectral signal, changes con- 
forming to the short rotation period. The 
changes were greater that what could be ex- 
plained solely on the basis of the velocity of 
the star's surface, however. The astronomers 
concluded from the alternating redward and 
blucward shifts and from other evidence that 
the emitted material forms a stellar wind with 


77 years of record. The Humboldt River has 
been in the above-normal range — within the 
highest 25% of historic record--iiow for 24 
straight months. 

Record low or near record low flows were 
recorded in Hawaii, Idaho, Louisiana, and 
Texas. Extremely dry conditions prevailed in 
parts of Texas, with zero average flow of the 
North Concho River near Carlsbad, the low- 
est in 37 years of record. Barely 200,000 gal- 
lons per day of flow were recorded on the 
North Bosque River near Clifton, Tex., the 
lowest June flow in 61 years of record. 

Flows of five of the nation's largest rivers 


17% above the long-term average for June 
and up 84% over last month; the St. Law- 
rence River near Massena, N.Y., 200 bgd, 

10% above average, about the same flow as 
May; the Missouri River near Hermann, Mo., 
137 bgd, 146% above average and up 3% 
from May; and the Ohio River at Louisville, 


Ky., 53 bgd, 31% above the June average, al- 
though flow declined by 63% from May. 


(Map courtesy of USGS, Reston, Va.) 


oppositely directed streams whose high veloc- 
ities cause the excessive wavelength shifts. 


National Water Conditions, June 1984 

kl l \ V 


Jane Streamflow 


m November. Likely cstndid ales, however, are J UUC KJll G(U1111 UtV 
Buckley Island Quadrangle, in (he area of 

(he Walcott N6vi or the Bowden Ndvd, near Flows of the nation's key index gauging 
Coalsaek Bluff or Mount Sirius. streams were at average to well-above average . 

A workshop was helcl at the University of levels for J une across much of the .country, 

Maine May 25-26 on the potential for a re- , , according to a regular check on ihe condition 
mote field camp in the area. A report end-, , of the nation's water resource by tfic y,S: 

tied, “The Beardmore Glacier Remote Field ^Geological Survey (USGS). - ... ' 

r,mn " u«s ore oared bv Gedroe H. Dentoii USGS hydrologists that ofthe 170' key 





creased until the morning of June IG. No 
eruptions were observed the following day- 


eruptions were observed me louowmg o-r 
Laliar material estimated to exceed 4 x 106 
m* along (lie Betlcng. Krasak, and Putin riv- 
ers may threaten Magclang city (population 
about 125,000)." 

Newspapers reported ash falls at Magclang 
(30 km NW of Merapi) and SaJaliga (35 km 
NEof the volcano), visibility near Salatlga 
was limited to 10 m and more than a centi- 
meter or ash covered roads, slowing ijamc. 
More than 2 cm of asli fell at Solo (45 km t 
of the volcano), and nshfall was reported at 
Cllacap, on the coast ICO km SW of Merapi. 

"Seismographs detected a progressive in- 
crease In seismicity from four counts per a y 


crease in seismicity from four counts per . 
June 8 to 59 on June 12. A warning was is* 
«in»ri lunp lg anil ihe evacuation of l,0uU 


sued June 13 and the evacuation ot i.uuu 

nAfanni trnm rnrtil/IHpil 700® SCCUOH VI ( 


riows qi nve ot me nauon s largest rivers 
for June: Mississippi River at Vicksburg, 
Miss., 598 bgd, 69% above average, despite a 
36% decline from the average May flow; the 
Columbia River at The Dalles, Ore., 365 bed, 


persons from forbidden zone section vi I 
miren village) was immediately implement* - 
The tong-tong warning 9ysiem was leswd 
again to oe sure that it was operational, 
eruption was preceded by an intense lava 
lanche on June 13 that caused a nuee aroiw 
d'avalanche (nu6e ardente of Merapi i typ*^ 

Information Contact: AdjBt Sudraaja , 
rector, Volcanological Survey of QI !r^ 
Diponegoro 57, Bandung, Indonesia; J 

karta Times, Jakarta, Indonesia. w 

Tinakula Volcano, Santa Crux Islands, 

Pacific Ocean (10.47*14, 165.75*E). • f 

The following is from the cruise repo 
the USGS research vessel S. P. L*t 
in multichannel seismic profiling in me 
uatu and Solomon islands areas* 

"On June 3, Tinakula could be seen sm . 

Ing’ in the distance, some 25 km ajJJTi . 
ship approached the island, large brnO^E 
clouds of steam were observed. At a PP • 
mately 2-hour-intervals, a large billowiB : 
dark gray ash-laden plume was observea 
ing to several kilometers above the m ‘ ■ 

The S. P. Lee passed within 400 m . . 

kula along the N side of the Island. ■ 

sounds could be heard from within m 

vent, immediately north oftlie ort™ . W nl ; • 

Boulder-size rocks were ejected from 

and were still steaming as they , roUc ^ 1 i n Mi'i*, 

skipped dowfi the steep sate slope^, , £ 


suppea dowp tne sicep w , , «■ . , ,,- 
sea. At least a dozen or so pf ^ 

and ihuch nipre material of coboio^W ^ . 

seen being thrown from thp vcrtt ^ 
ute, Much of. this debris, was accupmi^ 


dhta colIeci«i ; ‘ 


iMi 


JR**.} 




July 31, liftH JEifjfif 


be active. This volcano or volcanic vem lias 
not been identified before and is not on any 
bathymetric inap." 

Tinakula's iRst reported eruption occurred 
September G to December 11, 1971. Intermit- 
tent explosive activity built a small summit 
cone; incandescent blocks rolled down the 
volcano's flanks; and a slow-moving lava flow 
extended about 300 m down the NW flank. 

Information Contacts: A. Macfarlane, Di- 
rector, Department of Geology, Mines, and 
Rural Water Supplies, GPO, Port Vila, Van- 
uatu; H. G. Greene, Branch of Pacific Marine 
Geology, USGS, 345 Middlefleld Road, Men- 
lo Park, CA 94025. 

Mt. St. Helens Volcano, Cascade Range, S 
Washington , USA (46.20°N. 122.1 8*W). All 
limes are local ( = UT — 7 hours). 

The quoted material is from Peter Otway. 

A new lobe in the composite lava dome be- 

S n to emerge in mid-June. Its location, on 
: W flank, was within the notch that was 
the source of explosions on May 14, 26, and 
27 and June 6 (see SEAN Bulletins, vol. 9, nos. 
4-5) as well as a similar event on June 7 (see 
below). Growth of the west flank lobe had 
stopped by July 1. Accelerating deformation 
on tne dome's north side was measured in 
late June and early July, but rates of defor- 
maiion began to decrease after several days 
and no lava reached the surface. 

A small explosion occurred June 7 at 1720 
when airline pilots observed an ash cloud that 
rose to about 9 km altitude. Increased water 


flow from the crater began at about 1740, 
and a mudflow about 3 ni wide and 15 cm 
deep readied Spirit Lake (5.5 km from the 
crater) at 1802. 

Beginning June 14-15, the number of 
earthquakes at the nearest crater seismometer 
(Vcliow Rock) increased from about 20-30/ 
day to 50-60/day, and the number uf surface 
(rockfall) events began lo increase June 16- 
17. The small new lobe was firsi seen during 
the afternoon of June 17 (by gas monitoring 
aircraft pilot A1 Maris), and was more dearly 
visible during an overflight at 2230 that 
night. 

“When first tracked, on June 18, the lead- 
ing edge of the lobe, was moving down slope 
at over 30 nt/day, although rates near the ex- 
trusion site were at least 50% higher. By June 
22, movement of the leading edge had 
slowed to 13 m/day, and by June 25, to 6 m/ 
clay. When next observed, on July 1. the flow 
had slopped; The lobe is 60 m wide at its 
maximum and 150 m long. Its volume is esti- 
mated to be on the order of 0.2 x 106 m\ 

"Targets on the north side of the dome 
moved north/nonheast at rates which steadily 


increased 10 60 nunJday by June 25. Move- 
ment then swung to the north as rates accel- 
erated rapidly to peak at 0.8 m/day between 
June 30 and July 2. By July 10, the rates had 
fallen lo 20 mm/day. This suggests that an in- 
trusive event occurred late in June at a site at 
least 100 ni cast of the mid-June extrusion." 

Rates of SO 2 emission ranged from 15 to 
35 metric tons per day (near the detection 
limit) during ihe first 2 weeks of June. The 
next measurement, during the morning of 
June 18, was 105 metric ions per day. Kates 
averaged about 100 tons per day through 
July I, but had dropped to 40 tons per day 
by July 6, 

Information Contacts: Steven Brantley, 
Tom Casadcvall, Eliot Endo, Clint Mullins, 
Chris Newhall, and Peter Otway, USGS Cas- 
cades Volcano Observatory, 5400 Mac Arthur 
Blvd., Vancouver, WA 68661; Robert Norris, 
Geophysics Program, University of Washing- 
ton, Seattle, WA 98195. 

Meteoritic Events 

Fireballs: Arizona. Arkansas, Iowa, USA. 


Correction 


Ea rt hquakes 

Depth 

Date Time, UT Magnitude Latitude Longitude of Focus Region 
June 24 1117 6.5 M, 18.03®N G9.3S # W shallow S of Hispaniola 


The following corrections to the article, 
"The Lunar Core and the Origin of the 
Moon," by Horton E. Newsom, which was 
published in Eos, p. 369, May 29, 1984, 
were not included in the published ver- 
sion. A corrected version or the article will 
appear in the shelf editon of Eos. 

1 . The author's name was misspelled. 

It should be H orton E. Newsom. 

2. The author’s current address is In- 
stitute of Meteoritics and Department of 
Geology, University of New Mexico, Albu- 
querque, NM 87131. 

3. In Table 3, P/Nd Cl value is 2.100. 

4. Among some references not includ- 
ed with ihe published version was a refer- 
ence for A. E. Rjngwood and S. E. Kes- 
son, Basaltic magnetism and the bulk com- 
position of the moon, 2, Sidcrophite and 
voliiile elements in moon, earth and chon- 
drites: Implications for lunar origin, 

Moon, 16. 425-464, 1977. 

5. Dr. Newsom would like to acknowl- 
edge A. E. Ringwood, whose additional 
suggestions were not included in the pub- 
lished version. The modern concept of a 
terrestrial origin for the moon remains in- 
delibly stamped with Ringwood's name. 



RATES PER UNE 

Potltloiu Available, Services, Supplies, Courses, 
and Announcements: first insertion $5.00, ad- 
ditional Insertions $4.25. 

Positions Wanted: first insertion $2.00, addition- 
al insertions $1.50 

5fudmt Opportunities: first insertion free, addi- 
tional insertions $2.00. 

There are no discounts or commissions on 
classified ads. Any type style that is not publish- 
er’s choice is cliarged at general advertising 
rates. Eos is published weekly on T uesday. Ads 
must be received in writing by Monday, 1 week 
prior to (he date of publication. 

Replies to ads with box numbers should be 

addressed to Box American Geophysical 

Union, 2000 Florida Avenue. N.W., Washing- 
ton, DC 20009. 

For more information, call 202-462-6903 or 
toll Tree 800-424-2488. 


POSITIONS AVAILABLE 

Project AsBoclate/Specielist: Electron Micro-Probe 
hds University of wieconiin-Madison. Strong 
analytical background in quantitative EMP analysts 
and familiarity with computers is required. The Lab 
has a 3-spectromcicr ARL SEMQ and a JEOLCO 
50-A SEM. Duties will include instrument mainte- 
nance, instruction of students, development or pro- 
cedures and analysis. Research will he encouraged. 

X VIC .» nun 1 ■ i p .l c.t nu A ..,;. 


Bedford and Royal Colleges/Lecturership In Geol 
wry. . Applications are Invited for a new lecture- 
ship in the department being created by the 


amalgamuon of the geology departments of Bed- 
ford, Chelsea and King's Colleges. The field of spe- 
cialization and level of appointment is open but a 


very snong interest and/or considerable experience 
of radiogenic isotope geology is essential. Gross sala- 
ry range (under review) £8iS76— £15.311 pa. Fur- 
ther particulars and application form (returnable by 
14 September) may be obtained bv sending s.a.e. to 
Personnel Secretary. Bedford College, Regent's 
Park, London NWl 4 NS, England. 

Postdoctoral Posit ion/Univcraliy of Aritona. A 
fji/ttil(r.iural jutsi tiun has been opened ,tt the Lunar 
jikI PlaitcMry Ulairaturv. Univvrsiu of Arizona. 
Tucson, Arizona, in |uK IMH-I. The rescan h is in 
(lie uciicijI a tea uf sikuc and plane-fan pi tvs ns with 
much ni the unrk related to Vuvagcr H’V uW-rvu 
ti«ns .it the outer planet eitomitteis 1 he pi- ■gram 
includes wurk in plasma physics conmned m»*il\ 
with ihc (iindamvnial nature ul the lo plasma tunic, 
upper atmospheric and auroral processes »n Jupi- 
ter. Suiiiin.Tii.Hi. 1'i.inii* .ni,l v.-pmnr ■•Mscplien-. 
HMKlIclospheie ifificlethrig at Vitxirt. am) v am- 


A MS or PhD is required in Earth Science, Chctnis- 
*7' or Engineering. Minimum salary will be 
*18,000/12 months with an MS. Send letter of appli- 
cation, transcripts, resume, and names and address- 
** of three references by September 15 to Dr. John 
W. Valley, Department or Geology & Geophysics, 
Weeks Hall, University of Wisconsin. Madison, Wl 
53706. 

An equal opportunity employer. 

Hydrogeolqglat/TexM ASeM University. The De- 
partment o (Geology and Center for Engineering, 
wsciencci have a tenure track opening, preferably 
mutant professor level, for which the first search 
mH be fbr « creative Individual working in applied 
geological hydrology. 

The successful applicant will be expected ur devel- 
?P ^aching and research recognition at a national 
The position is available Dcglnning September 
1. 1984 ana will be held open until filled. Appli- 
cants should submit a vita including names of refer- 
* ni J* “> M.C. Gilbert, Department of Geology. Tex- 
a AfcM University, College Station, TX 77843. 

T^us A&M University is an affirmative action/ 
equal opportunity employer. 


ualtred iupCLti uf the inlet sieiUr-uucr uknietai v me- 
dium. The applicant should have a background in 
utiiniic and molecular physics with all interest in 
planciarv atmospheres. Applications should contain 
vita, statement of interests, and names of three ref- 
erences , and sh-uild he submitted b\ August 30, 
1984. Further information can be obtained by con- 
tacting D. E. Shcmansky, Lunar and Planemrv Ub 
oratory, 3625 E. Ajo Wav. Tucson. Arizona 857 1 3: 
IMMKMSM. 

The University of Arizona is an equal appomini- 
tr'affirmativc action employer- 

Princeton University. TTie Department of Geo- 
logical and Geophysical Sciences myites applications 
for a tenure track appointment beginn ng Septem- 
ber I, 1985. at the Assistant Professor level in die 
area of Isotope Geology with specialization in 
^Ar/^Ar mass spectrometry. .... 

Candidates must beThoroughly grounded in the 
fundamentals of Isotope studies (stable and radio- 
genic) and their application In earth science, and 
have demonstrated an ability for research in this or 
related fields. The appointee will be expected to su- 

K rvUe our newly assembled continuous-tiser-heat- 
j Argon age laboratory, and to partiripate m col- 
laborative research programs using dm facility. 
Teaching duties are u> complement and expand the 
existing programs. 

Apparatus should send resume and names ot 
three referees to Robert A. Phlnney, Chairman, De- 
partment of Geological and Geophysical Soences, 
Princeton University, Princeton, N.J. 08544. 

Princeton University (s an equal opportunlty/aflir- 
mative action employer. 


NATIONAL SCIENCE FOUNDATION 

(NSF) 

NSF' 8 Division of Earth Sciences is seeking qualified applicants for the 
position of Program Director for the Seismology Program. The position is 
excepted from the competitive civil service and will be filled on a one- or 
two-year rotational basis. The salary ranges from $40,000 to $66,400 per 
annum. The program supports basic research in projects related to obser- 
vational, laboratory, and theoretical studies directed at a thorough under- 
standing of the earthquake process, how seismic waves propagate in tne 
earth, and the determination of earth structure from seismic observations. 
Applicants should have a Ph.D. in Earth Sciences or equivalent experi- 
ence In addition to six to eight years of successful scientific researen m 
seismology beyond the Ph.D. Demonstration of extensive research expe- 
rience and productivity could be used as equivalence to a a d oa 
general knowledge of geological and geophysical research and famtiumty 
with the U.S. scientific community are also required. Applicants should 
refer to Announcement No, EX 84-53BOS when submitting resumes to 
the National Science Foundation, Personnel Admlntatratton Brancb, ; • 
212, 1800 G Street NW., Washington, DC 20550. Attn; *+£”*** 
For further information call 202/357-7840. Hearing impaired Individuals 
should call: TDD 202/357-7492. . 

NSF is an Equal Opportunity Employer. ; , .. , 


RESEARCH ENGINEER 

Scripps Institution of Oceanography has an opening for a re- 
search engineer to be responsible for major ocean develop- 
mental project in acoustics. Requires extensive experience in 
acoustics, oceanography, digital electronics systems designs, 
software and data processing. Acoustic experience must in- 
clude hardware design as well as extensive ocean-going ex- 
perimental work. Ph.D. level or equivalent required in one of 
above areas. Candidate should have experience as principal 
investigator and interaction with funding agencies, particularly 
Navy. U.S. Ciri?enship required. Salary range: $42,400- 
$51,200. Send curriculum vitae and names of references to: 


K. M. Watson, Director 
or 

F. H. Fisher 

Marine Physical Laboratory 
Scripps Institution of Oceanography 
University of California 
San Diego, California 92152 


Closing date: 31 August 1984. 

The University of California, San Diego is an equal opportunity f 
affirmative action employer. 


physical Occanomphy/Acoustics. Research Sci- 
entist positions are available ibr versatile and inno- 
vative Individuals with capabilities in the following 
areas: 

OCEAN ACOUSTICS AND/OR SIGNAL PROC- 
ESSING. Candidates at both entry and experienced 
levels are sought. Analytical and experimental posi- 
tions are available in the fields of acoustics, 
•elsmoacoustics and geophysics, remote sensing and 
image processing. Ph.D. or M.5. required. 

PHYSICAL OCEANOGRAPHY. Th.D. or some 
experience preferred. Positions involve both analytic 
modeling and analysis or small-scale hydrodynamic 
processes In tho ocean - . Experience with internal 
waves, finestruciure or mic restructure is desirable. 

Submit resume and salary requirements to: Fern 
Marks, Manager of Administration, Dynamics Tech- 
nology. Inc., 2131 1 Hawthorne Blvd., Suite 300, 
Torrance, CA 90505. , 

Equal Opportunity Employer— M/F— U.S. Citizen- 
ship Required. 

University of Texas at Austin. TIic Dcpif wieni 
of Geological Sciences invites applications lor a per- 
son 10 tcarh dcpositiotvdl systems and petroleum ge- 
ology at' (he undergraduate and graduate levels and 
to conduct a vigorous research program, including 
the supervision of graduate Kuaend. in the area of 
ihe person's Interest. The person must be willing to 
inch the above subjects lo non-majors on auctumn. 
The position requires the Ph.D. anti is open to both 
tenure-seeking junior persons and senior-level per- 
sons. Availability bv January 1085 is desirable. Ap- 
plicants should submit a detailed resume, names 
and addresses of five references, and a statement or 
leaching ahd research interests by November 1, 

1984 to Dr. Earle F. McBride. Department of Geo- 
logical Sciences, University of Tex-'* Austin, Texas 
78712. New Ph.D.-imlders should «lso submit a 
copy or their dissertation abstract. ■ 

. tne University is an equal pppo rt unity/a (Tirma- 
live action employer. 


Geochemist. The University or California, Davis, 
Depntrment of Geology, has an opening for a one 
year temporary faculty position for Fall 1984. Spe- 
cific fields are open; however speciaWration in iso- 
tope sind economic geochemistry are desirable. The 
Department has strong programs in paleobiology, 
pa fax cartography, petrology, geophysics, and crust 
and mantle evolution.' A Ph.D. is required. Respon- 
sibilities include graduate and undergraduate teach- 
ing and researchln geochemistry. 

Applicants should submit vita, statement or re- 
search and teaching interests, and the names of 
three references as soon as possible, as the position 
is for the Fall, 1984 quarter. 

Wo anticipate that this position will be opened on 
a permanent, tenure track baits during (lie next ac- 
ademic year. A successful candidate for (his tempo- 
rary position can apply for the tenure track posi- 
tion. Inquiries and applications should be sent to 
Chair, Search Comiduee, Department or Geology, 
University of California, Davis, Davis, California 
95818. 

The University of California is an equal opporni- 
fllty/dffimutive action employer. 

Scripps Institution of Oceanography, Geological 
Rcaearfh DJv Irion i Postdoctoral Research Stable 
Taotapei/Sedinientology. . Applications are Invited 
for a postdoctoral position in the Geological Re- 
search Division of SIO. We are looking for candi- 
dates with a strong background In cliemiatry, and 
an interest In pakoceanography, pataxlbiaiolovy. . 
or carbonate geochemistry and sedimentology. Pref- 
erence will be given to persons experienced in the . 
operation and maintenance of mass spectrometers.' 
Level of appointment and salary wflJ be commetuu- 


Dn. W.H. Berger or M. Kasuwr, Scripps Institution 
of Oceanography, La Jolla, CA 92098, A-015, be- 
fore August lo, 198-1. 
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SOIL CHEMIST 
OAK RIDGE NATIONAL 
LABORATORY 

The Environmental Sciences Division of Oak Ridge National Laboratory 
is seeking a soil chemist to work on a field and laboratory program de- 
signed to study the subsurface transport of contaminants. The individ- 
ual will work on experimental and modeling aspects of chemical speda- 
fion and equilibrium kinetic controls on mechanisms that affect the 
transport process, The individual will be a member of a multidis- 
ciplinary team of geochemists, soil physicists, and mathematical model- 
ers. Oat Ridge National Laboratory has sophisticated and up-to-date 

I -I. . l..: .. . L _ . _ fn^llltina in Viua traoh’n n 


~ O - j g - A 

laboratories and unique subsurface sampling facilities in two contrasting 
watersheds dedicated to this program. Candidates should have a Ph.D. 
in Soil Chemistry with a working knowledge of soil chemical models. 

— _L — — L : 1- .. J MiilftlUNlInn drill Va 


Emphasis on scholarly achievement and publication will be expected. 
U.S. citizenship is required. Qualified candidates should forward resu- 
me, three letters of recommendation, and academic transcripts to: 

Mr. J. T. Atherton 
Technical Employment Manager 
Oak Ridge National Laboratory 
P.O. Box X 

Oak Ridge, Tennessee 37831 

AN EQUAL OPPORTUNITY EMPLOYER 


Electrical Engincera/Comnuier Profrulonils/S)-*- 
terns Analysts/ Physicists/ Math cum lie I uni. Sis- 

Icim & Anriyiital Srienres. Inc... it ymuifl tlviuiitic 
i«nn|Kinr. iiiiiu s ;i|i|ilit Minna (runt IlS'MSThl) rlc- 

S ree Imlclm n> liil ninny iiniiiinrn. Kurricmc in 
iRii.it I’nxeuinu. liJiiKviirf'iisriwiiTs* tfrvrltijirncni. 
Cun min nil .ilinn System) tt&IJ. System* Analysis. 
Numerical Jtirl Sinmlaiitiii sunlit’*, Rnnnie Sensing. 
Mclcuroliigy, S|Mti- Siii-nu-s .fii<l 1 efiHetl Itcltk L'.S. 
t:iti/ciiilii|i K-ijiiirril Inn nm .1 must. KxiL-lleni tj la- 
ne* anil unp.ir.ilteit ctnn|ijin |i;iid Itctu-lili niti-rctl 
PUmsb H'nil resume to: Mr. Lliurlcs (Itllix, llirrtinr 
u1' Militating, .System* 4- Analui 1 . 1 l Sicncts Inc.. 
HanKniu Civil Air li-r initial IliiiMitui, fleclltircl. 
MA0I7.1I. 

Faculty Foil Ilona In Geophysical SciencesflThe 
Unlveralty of Chicago. The Department of the 
Urophyiical Sdcnrcs invites applications fur posi- 
tions at all levels across the entire range of earth 
anil planetary sciences, including meteorology and 
occanoj^raphy, Particular attention will be given tii 
appliiaiions in interdisciplinary ureas with prospects 
of major advances in otacrvdlibn, llicnry- arul appli- 
saiion. Please send resume and reprints to Joseph 
V. Smith, Chairman, Appointments Committee, 

573 1 South Ellis Avenue. Chicago, Illinois G0G37, 
USA. Applications will be considered rapidly 
lliroiighum the year. 

The University of Chicago is an equal opportune 
(^affirmative action emplfncr 

Senior Research Associate In Physical Ocesnognt- 
phyflj Diversity of Miami. Available for research 
in air-sea and air-sea-ice interactions as they relate 
to variations in climate and fish stock recruitment. 
Renewable one-year appointment- Salary negotiable 
based on experience. Announcement doses 1 Sep- 
tember 1884. Applicants should send a resume and 
three references to: 

Dr. William Fox 
Chairman, Search Committee 
University of Miami—CIMAS 
■1600 Ric tan backer Causeway 
Miami. FL 33149 
305-36M185. 

An Equal Opportunily/AIhrmative Action Em- 
ployer. 

Postdoctoral Fellowshlp/Gtophyilcal Institute, 
University of Alaska, Fairbanks. Ph.D. in Physics 
with extensive course work in all areas of Physics. 
Preference will be given to candidates with some 
experience in one or more of the following: I) ex- 
perimental work in infra-red spectroscopy, 2) digital 
electronics, and 3) numerical modeling. Work will 
involve Held observations or airglow and auroral 
emission analysis and some teaching. Salary al least 
33-1. EMMy ear D.O.E. One year appointment with re- 
newal of up to two more years. Write to: Dr. Abas 
SLvjee, Geophysical institute, C.T. Elvey Budding, 
University of Alaska, Fairbanks, AK 99701. Dead- 
hue for applications: 8-31-84. 

University of Alaska Is an equal opportunliyfaffir- 
mauve action employer. Your application Tor em- 
ployment with the University of Alaska may be sub- 
ject to public disclosure if you are selected as a final- 
ist. 


Research Fellow 
Geological Engineering 

Applications are Invited for the position of University Re- 
search Fellow In Geological Engineering for a period of 5 
years starting April-October 1985. This position Is subject to 
approval by NSERC. The successful applicant will be ex- 
pected to engage in research In mineral resources or geo- 
technical engineering with a limited amount of teaching. A 
doctoral degree Is required. 

interested applicants who are Canadian citizens or landed 
immigrants should address correspondence to: 

S 1 — ■■ ■* Profeaaor Ralph M. Franola 

Director, Geological Engineering 
Program 

University of New Brunswick. 

P.O. Box 4400 

Fredericton, New Brunswick, 

Canada E3B 5A3 

^TunIvers^ 



Call fox Papers 
Silicic Domes 

Manuscripts are requested for pos- 
sible Inclusion In Geological Socie- 
ty of America Publication on the 
emplacement of silicic domes and 
lava flows. 

Deadline: October 31. 1984. 

For more Information, contact: 

Jonathan Fink 
Geology Department 
Arizona State University 
Tempe, Arizona 85287 
(602) 965-3195. 
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A IT "bji'ilivc uf die on n sc j, dwlou 

iinilrisiaiHlmg nl (he large Male atmospheric ^ 
dynaiims, mean dynamics .uni the interactions be 
tween ocf.iit .mil Jtinnxiiherc. The urindual Iwtnr 
erv (Bkieknian. Gill, Hoskins. Rhinos, WcCmder] J'ni 
cover the iihnve liipia. vi.irting .it a relatively jimofe 
level anil , level. . ping them l«* advanced research (£ 
cl. In audit Inn, a iuiimIm-i- til mure spcicalUed Ik- 
imc* will lx- given l»y .siimmiiing lecturers 
The Institute is intended f.u graduate students or 
young iMisltliKtnnil icseanhers. Limited funding!, 
available. Mitdents vhuuld write u» Dr. J. 
Willdinuul. Institute fur Mcereskuiidc, 
Dusienibnxiker Weg 20, 11-23110 Kiel I, \V. Gemu- 
ny, for fill liter in fur mat inn, as snim ns possible. 





POSITIONS WANTED 

Teaching and/or Research - Geology, Pafoontolo- 

eu 




in the US aiul abroad. SjiccialiM in rcwurce explo- 
ration and development— multilingual with fluent 
Persian ami Turkish. Salary and rank nc 
Reply lo Box (ISA, American GcunltyisicaT Union, 
2000 Florida Avenue. N.W., Washington, D.C. 


Announcements 


Science Writer. AGU is expanding the Los staff 
and has an immediate opening for an experienced 
rcporicriwritcr. ('..nttlidatc must be able to research, 
interpret, and write on new scientific research, 
trends, aiul/or results Tor readers. Will also prepare 
timely reports on the effects of government legisla- 
tion nn tin* science comm unity and the general pub- 
jic. in addition, candidate will be expected to partic- 
ipate in AtiU's developing public information activi- 
ty. Salary 319.000 — 323.000. Send resume with 
news writing samples to: 

Personnel Office 
American Geophysical Union 
2900 Florida Avenue, N.W. 

Washington, D.C. '20009. 


SERVICES, SUPPLIES, COURSES, 
AND ANNOUNCEMENTS 


Precision Tiltmeters For 

• Tectonics 

• hot tit Fide Measurement 

• Volcano Studios 

• Civil & Geotechnical 
Engineering 

Automated Digital Data 
Loggers For Geophysics 
& Hydrology 

• Multichannel 

• Portable 

• 16-Bit A to D 

• Programmable 

Microcomputer-Based 
Data Acquisition Systems 

• 32 Channel, Expandable 

• 1 b-Bil A to D 

• Quad Density Disc Drives 

APPLIED 

GEOMECHANICS 

INCORPORATED 

1 33(r Bi ovnmcr St. Sonia Cruz, CA 95062 
0108) 462-2801 


NWS Users Meetings 

September 1984 Meetings on NWS Sia- 
tiu, various locations. Sponsor: NOAA. (Rob- 
ert Carnahan, Cheif, External Relations and 
Industrial Meleorology Staff, Wx5, NOAA, 
Nadonal Wealher Service, 8060 I3ih Street, 
Room 421, Silver Spring, MD 10910.) 

The National Weather Service (NWS) will 
hold a series of meetings in September to 
help external users keep informed of its serv- 
ices on recent or planned developments with- 
in the National Oceanic and Atmospheric Ad- 
ministration (NOAA). The meetings will pro- 
vide an opportunity for interaction between 
NWS representatives and user groups. Dis- 
cussions trill highlight technical and non-tech- 
nical subjects, including NEXRAD, family of 
services, the remote radar weather display 
system, and model developments at the Na- 
tional Meteorological Center. 

The 1-day meetings are scheduled as fol- 
lows: September II: New York, N.Y.j Sep- 
tember 13: Kansas City, Mo.; September 18: 
Salt Lake City, Utah; and September 20: Fort 
Worth, Tex. 

Managing Environmental 
Resources 

October IB- 19, 1984 Seminar on Interac- 
tive Color Graphics for Environmental Re- 
source Management, Ithaca, N.Y. Sponsor: 
Cornell University. (Diane Ban field. Program 
Coordinator, Cornell University, Box 423 
B12 Ives Hall, Ithaca, NY 14853; tel.: 607* 
250-4987.) 

Emphasis will be on the uses of low-cost, 
high-resolution interactive color graphics 
work stations for solving common resource 
planning and management problems. Com- 
puter experience is not necessary. The pro- 
gram is designed for scientists, engineers, 
planners, analysis, educators, and technical 
management personnel. 

Groundwater 

Contamination 

October 29-30, 1984 Conference on 
Methods for Evaluation of Groundwater 
Contamination Sites, East Lansing, Mich. 
Sponsors: Michigan DepL of Natural Re- 
sources, Michigan State University, Michigan 
Section ofASCE, USGS. (David Hamilton, 
Michigan Dept, of Natural Resources, Stevens 

48909*)°" BU ' ldin8, B ° X 90 ° 28, Lansin 8. MI 

Methodology and analysis will be the em- 
phasis of the 2-day conference. Topics to be 
dtscuued include site evaluation, gathering 
field data, interpretation of field data, 
groundwater modeling as a valuable tool, and 
the anphcab’Hy of geophysical methods in 
field investigations. The discussions will be 
geared toward applications in Michigan’s ela- 
aated geotogy. The conference Is designed to 
provide practical methods to the engineers 
and geologists who perform hydrogeolojric 

S&Wr? WH1 bc . ex P ectcd toMw 
al least a basic background in hydrogeology 
and common field techniques. 8 87 

Humid Tropics 

Novmbal^ 1 ? 1 ^ 4 Ftm Symposium 
dn the Humid Tropics, Belfim, Parf-BrasiL 
Sponsors [Brazilian Agricultural Research 
Organization and the Center for Agricultural 
Research on the Humid Tropics, The Nation- 
ajCotind] for Scientific and Technological 
Development, and the Ministry of Foreign • 

Relations. (Secretaria do 1 ° Simp<Sijo doTr6- 

Centrl) de.P«ni.t« - 


cu4ria do Trdpico Omido-CPATU, Caixa 
Postal 48, 60000 — Bel£m, Paid- Brasil; tel: 
091-226-6622; telex: 01121.) 

The deadline for papers (not to exceed SO 
double-spaced typed pages) is August 31, 
1984. 

To discuss and evaluate the slate of knowl- 
edge of the humid tropics, the following 
topics will be covered: soil, subsoil, climate, 
fauna, Rora, use and conservation, food 
crops, industrial crops, cattle raising, pas- 
tures, forests, and socioeconomic aspects. 


Water Resources 
Management 

September 19-23, 1985 International 
Symposium on Scientific Basis for Water Re- 
sources Management. Jerusalem. Sponsors: 
Israel Association of Hydrology. 1AHS. 
(SBWRM Israel '85, The Israel Association of 
Hydrology, P.O. Box 6381. Jerusalem, Isra- 
el.) 

Abstracts of 2-4 pages are due September 
30. 1984. 

The objective of the symposium is to pre- 
sent and discuss topics iii those areas of hy- 
drology and water resoitices that provide the 
basis Tor decision making and management. 
Emphasis will lie placed on the scientific haw 
for decision making, but the symposium will 
deal equally with understanding how knowl- 
edge of the basic phenomena serves to ratio- 
nalize management. 

Papers should address those issues and he 
designated explicitly as belonging to one of 
the fallowing topics: forecasting (climate, hy- 
drology, demands, economics); groundwater 
(iTiuiingcmciH of quantity and quality); rivers, 
lakes, and reservoirs; ecology, biological sys- 
tems, and environment; water quality (consid- 
erations for management); approaches aim 
models for water resources management; or 
approaches and methodologies for water pol- 
icy formulation and evaluation. 


Crustal Extension 

October 10-12, 1985 Conference on Heat 
and Detachment in Crustal Extension on 
Continents and Planets, Scrlona, Ariz. S|»n- 
sor: Lunar and Planetary Institute, USGS, 
GSA. (Pam Jones, LP1 Projects Office, Lunar 
and Planetary Institute, 3303 NASA Road t, 
Houston, TX 77058; tel.: 713-480-2150.) 

The abstract deadline is October 31, 

The conference is aimed at expl°ringtM 
role of thermal and mechanical crustal decou- 
pling in controlling the tectonic style of ex- 
tension on terrestrial continents and solac 
planets, using field and laboratory data as 
well as modeling considerations. 

Attendance is limited lo 76 people. 

Coal Science 

October 28-November 1, 1986 Interna- 
tional Conference on Coal Science, .Sydney* 
Australia. Sponsor: International Energy 
Agency, (R. W. Hinde, Executive Secretary, 
CS1RO, Division of Fossil Fuels, P.O. Box 
136, North Ryde, NSW 2113, Australia.) 

The deadline for abstracts Is September 
19 84. . . j. 

Papers will be welcomed on die following 
topics: coal structure and characterizauon, 
basic reactions of coal; fundamental* o». . 
combustion, and; gasification; pyroly?» &f \ 
reactions and products; liquefaction I an°; . 
benefication* storage, and transport . 

Manuscripts of the papers accepted wiu 

due in May T 985. ■ , V 


Does your library ; * ■ 
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AGU Membership 
Applications 


/nwrP' 9 ha P lnar ? I®M),J. Steven Dingman 


. ... r uiuiMiiari 

(O), Giday W. Gabriel (V), John C. Greer (T), 
Lynn M. Kistier (SM). Jay R. Lund (H\ Jack- 
ie Lundy (S). J 

Jeff Miller (V), Susan G. Murphy (V), Da- 
vid A. Novelo-Casanova (T). David M. Pas- 
tia°(T). Jam Paulssen (S). John K. Petersen 
(H), Fernando A. Pons (H), Carolyn Rader 
(O), Geoffrey J. Rarick (P), Jan Roberts (V). 

Rebecca R. Schudlich (O), Jose Luis B. Sea- 
bra De Melo (O), Holly J. Stein (V), Eric W. 
Strecker (H), Ray Teng (V), Daniel Tormey 
(V), Sichee Tsay (A), Stephen R. Walbridge 
(H), Wayne Warburton (S), William R. Wise 
(H). 


Applications for membership have been re- 
ived from the following individuals. The 


ceived from the following individuals. The 
letter after the name denotes the proposed 
primary section affiliation. 


Regular Members 


James B. Allen (GP), Jeffrey F. Bell (P), 
Paul J. Boison (H), David L. Bradley (O), 
Gerhard E. Bruegmann (V), Guy J. Consol- 
magno (P), Mostafa A. Foda (O), Diem Ho 
(A), Judith J. Liotta (V), Boon-Chye Low 
(SS). 

Mordeckai Magaritz (H), John H. Martin 
(O), Dennis M. Nazarenko (O), Evelyn L. 
Nottingham (G), John Papadimilrakis (O), 
Donald Pryor (O), James Schmitt (T), Paul J. 
Taucher (S), Dieter L. Teuber (SS), Alberto 
M. Vazquez De La C. (O), Tokuo Yamamoto 
(S). 


ATTENTION SUBSCRIBERS! 

Beginning In 1985 


Student Status 


Donald R. Allhauser (H), Brian F. Aubry 
(H), Edward M. Baker (G), Patrick Black (H), 


Reviews of Geophysics 
and Space Physics 
will be titled 
Reviews of Geophysics. 
Approximately 800 pages 
to be published in 
Volume 23, 1985. 


Nominations for 1985 AGU Fellows 


Nominations lor Fellowship In the Union are being sought by the Fellows Committee 
and the Section Selection committees. Nominees lor Fellowship should be scientists 
who have attained acknowledged eminence In a branch of geophysics. The lotal number 
of Fellows elected each year cannot exceed 0.1% of the total membership. 

To be considered by the Committee, nominations for Fellowship In AGU must be mads 
on the form below. If more space 19 needed, attach a separate shsel. 


AMERICAN GEOPHYSICAL UNION 
Nomination For Fellowship 


Name of Nominee 


Name of Sponsor 


Personal Data on Nominee 


Business Address (including position held) 


Date and Place of Birth 


Education (degrees, Institutions, major field) 


Professional Record (Including special honors) 


Membership In Other Scientific Organizations . 


Attach a list of most significant publications (not abstracts, book reviews, or papers 
that have not yet been accepted for publication). 


Sponaor'a Evaluation of Nominee 


Attach a supporting statement which must Include: (1) an indication of the length and 
nature of your acquaintance with the nominee; (2) the nominee’s contributions to the 
field to date; (3) your evaluation of the nominee's scientific ability; ( 4 ) a one-line citation. 
"For ", summarizing why the nominee should be elected a Fellow. 


Signed 

Sponsor's Title and Affiliation 
Phone number - — 


For a list of current Fellows, write AQU. , 

I 

Send nominations for forwarding to your designated Section Selection Committee to: 


AQU Member Programs 

ZOOOFIorida Avenue, N.W. 
Washington, DC 20009 


Deadline: September 17 , 1984 


Separates 


To Order: The order number can be 
found at the end or each abstract; use all 
digits when ordering. Only papers with 
order numbers are available from AGU. 
Cost: $3.50 Tor the first article and $1.00 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 


Send your order to: 
American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 


0930 Saicntc mthodi 
VAW-OQOAtlWi VELOCITY SIULVSIS 

Sltonao tieiii Iii-Sirrano (Faravrly Btaeford Unlvaratlj; 
cut natty OuiourCB Inc., MD6 BouchwMC rr*iv*T, 

F.o. AM U3M, Hot,* ton, 7X 77136) Jon P. CUarbout 
Velocity itaiiciva (wide propagation angla) aalitic 
data do not coaflj with tha m anall propagation angla 
ippnxiutigi, A hyparbolte valoolCy apaatrua and Dta'a 
aquation cannot uaa vlda-angla arrival a to aatLnaea 
interval velocity accurately. The linear aoveout ■athnd 
aaaauraa Interval velocity enact Ly In atiatlflad nadta. 
■nail nidpoint coordinate! are com true tad to laaga tha 
data batata velocity aat (nation. Saargj foe vita at the 
arrival aoordlnacoa o( a Used reference leal I vava front 
aa raqutxad by tha linear sovaout sathad. Tha l«ga of a 
coaaaa-aidpolnc aaiaale gather In Snail a'ld point 
coerdi aatai, for a noavartleal rafaranca Snail vava, 
doflaaa tha viva-aqua t ton v aloe ley apace mu. Tvo 
laportaat properties of tha velocity apactcna ara 
locality, kbara energy ie a local function of veloaltyf 
and linearity, that la {avertible tiling lieaar 
trinafornatiana. Velocity aaaaitlvity of vava-aguatlon 
eat repetition operator* lacraaaaa vtch angle of 
propagation. In Snail ntdpoloc coordinates, angle* ara 
aanurad ralatlva to an arbitrary a I anted rafaranca Snail 
vava. At tbla particular angla viva-aquation operator* 
■ra aaart. Independent of valoclcv. Approxlnat Iona of 
tha wave aquation in Bnall andpolnt coord 1 net aa 


Exploration Geophysics 


■atlafaetorlly [saga vtda-angta anargy. To conpura the 
value Icy apacirioa, am ua tha IS-dagraa f I aita-d If faience 


vava aqsatloa In the f requeue y doaatn. nil aquation la 
Inunaltlve to thn daunvacd continuation velocity. Thlt 
faraaclon raiolvaa multivalued, vlda velocity ipaetrun 
data uaing inbonoganaoue, offaat and depth dependent, 
dovnvard continuation Velocity, gtapout filtering 
concurrent vtch downward coot laoic ton ellutniLea 
vlda-angln prop* gat Ion energy ant nod* led by the 
13-degraa viva aquation. 

0 SO PHYSICS, VOL. *9, BO. 9 


0)10 Magnetic end electrical net bode 
UnUMN OP lOtEHOU HOWU. IHISTIVXTY LOOS 
Peo|-vaL Tang (Mlnlatry of Coal Indualry, P.R.C.i on 
leave at Dipt, ot Geology and Oaophyalea, Dntvaralty of 
Utah, gale Lika City, UT Hill) Stanley I. Hard 

1 b(a papar report a on aa Invaatlgatioo of tha invaralon 
of borabola aornal raalativlty data via rldga rlgraaalon. 
Inter natation ia afforded Of Individual thin had* and of 
eonplioatad Uyarad acruoturaa. 

A thtoratieal aolutlon U gtvan for a layarad nodal 
containing an arbitrary auabor of layara In rha forward 
problca. Tvo forward aodal raiulta fat raalatlva and 
cooductiva Lhta bids indicate that for high-ral lit ivicy 
contract*, tha departure between trot and epparaat 
raiiativity aty ba nor* inportaat thin thn affacta cauiad 
by tha variation* tn borahola dlanatar end nod 
taelitWlty. Tour nnrntl raalativlty logt vara rhoaon to 
tut tha Invarelon achaaa. Tvo of the toga vara 
thioratlcal loge with end vitbout raodca nolaa added, and 
the raaatnlng tvo vara Mild aiaaplai, Thaoractral nodal 
raiulta and field aranplaa tndlaata that ch* Lnvaraa 
method can ba uaad to obtain tha raaiactvLcy for aach 
layer whan the boundary pot it ton in known, but Lc alao 
can ba uiad to obtain tha thiebnaa* and raiiativity for 
*ich layer alaulteoaoualy. 

CtOPHTStC), VOL. (9, SO. « 


Meteorology 


1730 H,a In tba Acnoaphara (Cl cud Rtaota Sealing) 
DETinllUIKni Of CLOUD PARSHLTRU PUN IM7RSHID HO 


0t)D Sellaic nathodi 

COMPARISOR OP P- AMI S-VAYI IIIdNlC DATA: A SgW METHOD 
rat DETSCTIBG GAS 1RIUVQIIS 

Roil Alhn Esa lay tluon Product Inn Raioerch Conpany, 

P. 0. toe 118), Uouaton, TI 71001) 

Conpraaalsnai wav a, ara aanaitlva to lha type of por* 
(laid within rocki, but ahaar wavaa ara only alight 1y 
affaecad by chengee In (laid type, Thlt naggntCe thee a 
coupartioa of coupraeilonal 1 - aod ahoar-vava actinic data 
cacordad ocar a proayact nay allow an interpreter to 
dlarrintnaia batvaan gaa-ralatad anoaaliaa and thou 
related to lithology. Thii eaaa itudy darwwiuta that 
vhar* a coapraiaional-wavc "bright ipol" or other direct 
hydrocarbon Indicator ia prattnt , auch a coapariaon can 
ba uaad to varify tha praaaaca of gaa. In practira, tha 
technique tin only b* uaad (or a qualitative evaluation. 
However, future inprovaaent of ahaar -viva lad quality 
■ay anabla tha uaa of nora quint I tel Iva Mtbada aa vail. 
GEOPHYSICS, VOL. 49, HO. 4 


DETEBUHATIOH Of CLOUD PARAXLTIU PR0H [HJRAH1D BOUNDER 
DATA 

R.-T. H. Yah (Goddard Labor eloty for Llaoaphatlc 
Rnlancna, HASAfaoddard Space Plight Cadiar, Droanboll, 
Maryland, 10771) 

A method for raaota Milling of cloud piraaatace by 
aalng Infrarad anundaa data baa baan davalopad on th* 
bull ef the paraaetnrl**d Infrared tram far aquation 
appllcabla to cloudy atnoaphiraa. Tha nelbod la 
utlllxed for tha rotrlaval of cloud height , aaaunt, and 
nalaalvlty In tba II pa region. Huaetleel anelyaaa end 
t at r level expat 1 m ate have faun carried oat by uaing 
ayntlNtlc eouidai data fot tha theoretical itudy. Th* 
■analtlvlty al tha nunarioal procaduraa to lha 
Maaureaant acrora are alao Mialciad, Tba rattlavad 
raiulta at* phyalcally dlacuaaad aod maarlaally 
coa pared with lha nodal alnoapharan. Coayarliloni 
r avail thlt tha racovcTid cloud pnraaitara agraa 
raaioaebly vail with tha pra-aaainad valuaa. Rowavat, 
far aaaaa whan relatively thin elouda and/or mail 
eland fractional cevar within a (laid of vlav ara 
yraianL, tha r* coveted cloud paranatara ahav 
eonildarabla fluctuat Inna. 

Exparlatati an tha prcpaaad algoTltha ara carried out 
utlllalng High Raaolutlan lefiarod Seundar (HIR9/2) 
data if HOAA I and TIROS-H. Raaulta of aiparlnanta in 
difficult to vilify quantitatively, but tha retrieved 
cloud anaunta ahow raaioaebly good ctaparlaonc with tha 
aurfaua report a and GOES ia 1*1 llca Ibluii. (Cloud 
obaarvat Iona, ■■ tallica It eland acoalag, HOAA -A, 
HIRSfl, TIUE-H). 


J. Geophyi. Rea., D, Papar 4D094 1 


Water Resources Research 


Volume 20 Numbar 7 July 1084 


Policy Sckncct In Water Reiounrs Research l Paper 4W0870I 

Ronn/J (J. Cummins s 

Compeliiion Vcrtui Opllmal Control lo Oroundwaicr Pumping When Demand it 
Nonlinear I Paper -IWOttll 

Ru-hard C Mien an J Mu ha G»i see 

Irrigated Agricultural Etpamion Planning In Developing Coumriei: InveUmeni Scheduling locorporaiing Drainage 
Water Reuic (Paper 4W0280) 

MohtimeJ A/. A Ham anti David II Marti 
Irrigated Agricultural Etpamion Planning in Developing Conjunct: Incomr Retlltiribuilon Objective iPnpcr IWOTSli 

MehameJ «V. Allan find David II. Marl , i 
Irrigated Agricultural Expamion Planning in Developing Counuiei: Resilient Syiirm 
Design tPapcrdWUKi 

A lohamrd A'. Allam and David II Maris 
Managing Water Scaicliy: An Evalualloo of Integrated Transfers ( Paper d W02817 

H. J. Viiiu. Jr., and Richard £ llaniii 

The Uie of Models for Waier Resources Manegemeni. Planning, and Policy (Paper dWMIZl 

Roban Friedman, Christopher Ansell, Siaars Diamond, and Yato\ lialmes 
A Dcicriprlve Decision Protest Model for Hierarchical Managemcnl of (ntCKOtuecied Reservoir 
Sysiems (Paper 4W0279J 

R. Ifker Adlgdzrl as id Osman Cofiunogln 
Three-DimensionBl SlreamUncs In Dupull-Farchhelmer Models (Paper 4WWM1 

Oslo O. L. Struck 

Dependence or Hypolimnotlc Oxygen Consumption on Ambient Oxygen Concenlinlion: Fact or 
Artifact? (Paper 4WD1J9) 

/?. J. Cornett and F. II. Rlgler 

Double-Porosity Models for a Fissured Orotindwaiar Reservotr With Fracture SUn (Paper 4WD18I I 

Allen F. Sloench 

Two-Component Extreme Value Distribution for Rood Frequency Analysis (Paper AW038:t 

foWo Rossi. Maura Florentines, and Pat quale Versace 
Effects of Urbanization on Frequencies or Overflows and Pollutant Loadings From Storm Sewer Overflows: A 
Derived Distribution Approach {Paper 4W03D8) 

G. V. Loganathan and J. W. Delleur 

Plux-Averaged and Volunx-Avcregcd Concentrations in Continuum Approaches to Sdhuc Transport I Paper 4W049S) 

J. C. Parker end hi. Th. van Genmhsen 

Motion of Two Compressible Ftuids With lotorfoc* In a Porous Reservoir (Piper 4W0174) 

R. A. Wooding and G. J. Weir 

Real Time Irrigation Scheduling via "Reaching" Dynamic Programming (Paper 4W0342) 

Shlomo Plrban, Dale F. Heerntann, John W. LabaMe. and Harold R. Dnhe 
Maximum Ukelibnod Estimates for the Paramftcra of Mixture Distributions (Paper 4W05S4) 

K. M. Ley them 

Oroundtvaler Response Under an Electro nuclear Plsnt n» a River FVood W«i Analyzed by a NonHneat Flntie 
Element Model (Paper 4W0379J 

Giuseppe Gamboled, Fabla Tojjota. and Flore Uiiana 

Nash Model Relation lo Horton Older Ratios (Paper 4W0473J 

Ren us Rosso 

Objective Identification of Pooh and Riffles l Paper 4WW59) 

Michael P. O'NeU! and Athol D. Abrahams 

Microwave Measurements of Moisture Distributions In (he Upper Soil Profilo (Paper 4W0478) 

A. M. iotfegfai. G. D. firmest fc. W. P. Wnfie, U. P- Scoff, and J. A. Rend 
Estimation of Skewnest of Hydrologic Variables (Piper 4W0343I 

VnJifa Yrdcvich and Jayoaiha T. B, Obey cetera 
Eulorian-Lagraaglan Solution or ibe Convertoo- Dispersion E4uadon In Natural 
Coordinates (Paper 4 WW77) 

Ralph T. Cheng, Vincenzo CtlstdU. and S. Ne\tl Milford 
A Probabilistic Approach to the Spatial Aisessmenl of Rlvar Cfauinel Insiabllliy I Pa per 4W0320) 

William L. Graf 

Pressure Transient Analysis for Two-Phis* Qcothcntwl Wetls: Some Numerical 
Rendu (Paper 4W023S) 

S, K. GargctndJ. IV. Pritchett 

Parameier Identlflcation of Groundwater Aquifer Models: A Generalized Lean Squares Approach (Paper 4W02&4I 

Jamshld Sadeghlpour and William IV-O. Veh 
Duty's Plow With Variable PenmeaNllly: 4 Boundary Integral Solution (Paper 4W0JH1 

Alexander U.-D- Cheng 

Additional Teas on Ihe Effect of Rainfall Intensity on Storm Flow and Peak Flow From Wild- Land 
Basins (Paper 

J. D. Hewlett, J. C. Fort sen, and G, B. Ciftw/ngAiim 
Travel Hates From Buried nod Surface Infiltration Point Sources (Paper 4W062M 

J . R. Philip 

A Physically Based Flood frequency Distribution (Paper 4W047U 

M. A. Dhz-Grasunfor. J. B. Valdes, and R. L. Sror. 
Ao Application of Iho Oeouatlstlcal Approach io the Inverse Problem Hi Two-Dime niioira! Qrounilwaier 
Modeling (Paper 4W04U61 

. Robert J. Haeksema and Peter K. KltaMdlr 
Contend oant Transport In Fractured Porous Media: Analytical Solution Tor ■ Two- Member Decsy Chain lo a Single .. 
Fracture (Paper 4WD534) 

E. A. Sitdhky and E. O. Frind 

Effect of Cleoi^Cm Silviculture on Dissolved Ion Export and Waier Yield In the 
Piedmont [Paper 4W018Q) 

J. D. Hewlett, H. E, Pent, v*d R. Dost 
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